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Preface 


The present book on Indian Astronomy is designed 
mainly for the benefit of students and general readers. The purpose of 
the book is not only to create an awareness about Indian astronomy 
among the readers, but also to make them fairly proficient in the 
concepts, technicalities and computational procedures developed 
by great Indian mathematicians and astronomers over the past two 
thousand years. 

Most of the concepts used in Indian astronomy like sauramana, 
candramana, lunar calendars, tithis, naksatras, sankranti, yugadi, etc., 
are encountered by every Indian in his day-to-day life. A discerning 
person would be interested in knowing more about these concepts 
and many such issues of astronomical interest that form an impor¬ 
tant part of Indian culture. There is a great dearth of suitable books 
which systematically explain important and interesting topics of 
Indian astronomy to students in a simple and intelligible fashion. No 
doubt, important classical Sanskrit texts like the Suryasiddhanta 
and Siddhantasiromani are critically edited and even translated into 
English, Hindi and some other Indian languages. But these texts are 
generally beyond the grasp of a modern reader. 

It is strongly suggested and hoped that the contents of the present 
book will be made a part of the curriculum at the school and college 
levels. This thoughtful decision on the part of our educationists and 
textbook writers would provide the much-needed opportunity for 
our students to get a reasonably good grasp of the important aspects of 
Indian astronomy. 

Organisation and Content 

The development of astronomy in India - from the Vedic times to the 
recent times — is briefly surveyed in Chapter 1. 
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The basic concepts of the celestial sphere, diurnal motion, etc., are 
discussed in Chapter 2. The different co-ordinate systems, viz., celestial 
longitude and latitude, right ascension and declination, azimuth and 
altitude, the phenomenon and effects of precession of equinoxes 
constitute Chapter 3. 

The zodiac, rasi and naksatra systems are explained in Chapter 4. 
Division of time into convenient units like civil day and sidereal day, 
solar and civil calendars, solar and lunar months, adhikamasa and 
ksayamasa (intercalary months), six rtus (seasons), yogas and time on 
a microcosmic scale are explained in Chapter 5. 

Calendar systems, viz., the Gregorian, Hindu and Muslim solar and 
lunar systems and the five limbs ( pahcanga ) - tithi, vara, naksatra, yoga 
and karana - form the subject matter of Chapter 6. 

The method of finding ahargana (number of civil days from a chosen 
epoch), number of revolutions of heavenly bodies in a mahayuga (of 
432 X 10 4 ), computations of mean longitude of the Sun, the Moon and 
the five planets (Mars, Mercury, Jupiter, Venus and Saturn) and the 
desantara correction (due to difference in terrestrial longitudes) are 
explained in Chapter 7. 

From the mean positions of the Sun and the Moon, the true positions 
can be obtained by applying the ‘equation of centre’ (mandaphala ). For 
this purpose, Indian astronomers have prescribed the peripheries of 
the manda epicycles of different heavenly bodies. These aspects as 
well as the true daily motions of the Sun and the Moon, the Bhujantara 
correction, etc., are elaborated in Chapter 8. 

In the case of the five planets, in addition to the mandaphala (equation 
of centre), one more important equation called slghra samskara (equa¬ 
tion of‘conjunction’) has to be applied. Here again, Indian astronomers 
have considered the peripheries of slghra epicycles. Chapter 9 deals with 
these equations for the determination of true longitudes of the planets 
as well as their true daily motions, retrograde motion and the Bhujantara 
correction for the so-called tamgrahas (star-planets). 

Topics related to the three important issues ( triprasna ), viz., direction, 
place and time (dik, desa and kala) are examined in Chapter 10. These 
include the determination of the latitude of a place, sunrise and sunset 
times, rising of the signs of the zodiac and finding the Lagna (ascendant) 
at a given time and place. 
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The cause of lunar eclipses, the angular diameter of the Earth’s 
shadow-cone, the ecliptic limits for lunar eclipse and half-durations of 
a lunar eclipse and of maximum obscuration, form the subject matter 
of Chapter 11. 

Chapter 12 deals with the cause of solar eclipse, the angular distance 
between the Sun and the Moon at the beginning and end of a solar 
eclipse, computation of solar eclipse according to Suryasiddanta, saros 
and metonic cycles. 

A unique and pioneering feature of the present book is providing 
ready-to-use computer programs to compute: (i) true positions of the 
Sun, the Moon and the Moon’s node ( Rahu ), (ii) lunar eclipse, (iii) solar 
eclipse and (iv) true positions of five planets. For these computations, 
the algorithms as given in the popular Suryasiddhanta are adopted. 

A fairly exhaustive Bibliography and Index are included at the 
end of the book to enhance the usefulness of the text and also to 
motivate the interested readers to go deeper into the subject. 

In addition, Glossaries of technical words from English to Sanskrit 
and vice versa are also provided for ready reference. 

2388, JNANA DEEP S. Balachandra Rao 

13 th Main, A-Block 
Rajajinagar II Stage 
Bangalore 
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1 

Historical Introduction 


“Like the crests on the heads of peacocks, like the gems 
on the hoods of the cobras, Jyotisa (Astronomy) is at the 
top of the Vedanga sastras—the auxiliary branches of 
Vedic knowledge”. 

Vedaiigajyotisa, 4 


1.1 Introduction 

The above verse shows the singular importance 
given to astronomy (and mathematics) over the other branches of 
knowledge in the Vedic times. 

The night sky filled with innumerable bright stars and planets, the 
“wanderers”, has been the object of constant curiosity and excitement 
to man ever since the beginning of civilization. During the day, the rising 
Sun in the east and the setting Sun in the west, so also the periodically 
waxing and waning Moon at nights, drew the attention of the observer 
in man. 

All these recurring phenomena as well as the annual repetitions of 
the seasons acquainted the early astronomers with their periodicity. 
In the course of time, further interesting phenomena like the solar 
and lunar eclipses, the visits of comets, etc., intrigued the astronomers 
to an evefi greater extent. And they began formulating the laws that 
govern these phenomena. These early developments of astronomy 
seem to have taken place more or less simultaneously in the diffe¬ 
rent ancient civilizations—the Egyptian, the Mesopotamian and the 
Indian. 


1.2 Ancient Indian Astronomy 

Like many other branches of knowledge, the 
origins of the science of astronomy in India have to be traced back 
to the Vedas. In the Vedic literature, Jyotisa is one of the six 
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auxiliaries ( shadangas ) of the Vedic corpus of knowledge. The six 
vedangas are: 

(j) Siksa (phonetics) 

(if) Vyakarana (grammar) 

(iii) Chandas (metrics) 

(iv) Nirukta (etymology) 

(v) Jyotisa (astronomy) and 

( vi) Kalpa (rituals). 

It is important to note that although in modern common parlance 
the word Jyotisa is used to mean predictive astrology, in the earlier 
literature Jyotisa included all aspects of astronomy. Of course, 
mathematics was regarded as a part of Jyotisa. Vedangajyotisa is the 
earliest Indian astronomical text available. 

1.3 The Vedic Period and 
Vedangajyotisa 

The Vedangajyotisa was mainly used to fix 
suitable times for performing different kinds of sacrifices. The text 
is found in two rescensions—Rgveda Jyotisa and Yajurveda Jyotisa. 
Though the contents of both the rescensions are the same, they differ 
in the number of verses. While the Rgvedic version contains only 
36 verses, the Yajurvedic version contains 44 verses. This difference 
in the number of verses is perhaps due to the addition of explanatory 
verses by the Adhvaryu priests by whom it was used. 

In one of the verses, it says, “I shall write on the lore of time, as 
enunciated by sage Lagadha”. Therefore, the authorship of Vedanga- 
jyotisa is attributed to Lagadha. 

According to the text, at the time of its composition, the winter 
solstice was at the beginning of the constellation Sravistha (Delphini) 
and the summer solstice was in the middle of the Aslesa constellation. 
Since Varahamihira (505 ad) stated that in his own time the summer 
solstice was at the end of three quarters of Punarvasu and the winter 
solstice at the end of the first quarter of Uttarasadha, there had been a 
precession of the equinoxes (and solstices) by one and three-quarters 
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of a naksatra, i.e., about 23°20'. Since the rate of precession is about 
a degree in 72 years, the time interval for a precession of 23°20' is 
about 72 X 23°20'; i.e., 1680 years prior to Varahamihira’s time. 
This takes us back to around 1150 BC. The generally agreed upon period 
of the Vedangajyotisa is between the 12th and 14th centuries BC. 

The Vedangajyotisa belongs to the last part of the Vedic age. The 
text can be considered as a record of the fundamentals of astronomy 
necessary for the day-to-day life of the people of those times. The 
Vedangajyotisa is the culmination of the knowledge developed and 
accumulated over thousands of years of the Vedic period upto 1400 BC. 

Even as early as the time of the mandalas of the Rgveda, the Vedic 
people were conversant with the knowledge required for their reli¬ 
gious activities, like the times (and periodicity) of the full and the new 
moons, the last disappearance of the Moon and its first appearance, 
etc. This type of information was necessary for monthly rites like 
darsapurnamasa and seasonal rites like caturmasya. 

The naksatra system consisting of 27 naksatras (or 28 including 
Abhijit) was evolved long ago and was used to indicate days. It is pointed 
out that Agrahayana, an old name for the Mrgasira naksatra, meaning 
“beginning of the year” suggests that the Sun used to be in that asterism 
at the time of the vernal equinox. This corresponds to the period around 
4000 BC. 

The Rohini legends in the Rgveda point to a time in the late Rgvedic 
period when the vernal equinox shifted to the Rohini asterism (from 
Mrgasira). 

The sacrificial ritual called Gavamayana was especially designed for 
the daily observation of the movements of the Sun and of the disap¬ 
pearance of the Moon. This must have given the priests and their 
advisors knowledge of a special kind, rather like the “saros” of the 
Greeks, for predicting the eclipses. There is evidence, in the Rgveda, 
that specialized knowledge about the eclipses was possessed by the 
priests of the Atri family. 

During the Yajurveda period, it was known that the solar year has 
365 days and a fraction more. In the Taittirlya Samhita, it is mentioned 
that the extra 11 days over the twelve lunar months (totalling 354 days), 
complete the six rtus by the performance of the ekadasa-ratra, i.e., 
eleven-nights sacrifice. Again, the same Samhita says that 5 days more 
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were required over and above the sayana year of 360 days to complete 
the seasons, adding specifically that: “4 days are too short and 6 days 
too long”. 

The Vedic astronomers evolved a system of five years’ yuga. The 
names of the five years of a yuga are: 

(/] Samvatsara 
(ii) Parivatsara 
(in) Idavatsara 
(iV) Anuvatsara, and 
(v) Idvatsara. 


This period of a yuga (of 5 years) was used to calculate time as can 
be seen from statements like, “Dlrghatamas, son of Mamata, became 
old even in his tenth yuga ”, i.e., between the age of 45 and 50 years 
(Rgveda, 1.158.6). 

In the Yajurveda, a year comprising 12 solar months and 6 rtus 
(seasons) was recognized. The grouping of the six rtus and the twelve 
months, in the Vedic nomenclature, is as follows: 


Seasons Months 


(1) Vasanta rtu 

(2) Grisma rtu 

(3) Varsa rtu 

(4) §arad rtu 

(5) Hemanta rtu 

(6) Sisira rtu 


Madhu and madhava 
Sukra and Suci 
Nabhas and Nabhasya 
lsha and Urja 
Saha and Sahasya 
Tapa and Tapasya 


The sacrificial year commenced with Vasanta rtu. The Vedic 
astronomers had also noted that the shortest day was at the winter 
solstice when the seasonal year §isira began with Uttarayana, and rose 
to the maximum at the summer solstice. 

In the Vedangajyotisa a yuga of 5 solar years consists of 67 lunar 
sidereal cycles, 1830 days, 1835 sidereal days, 62 synodic months, 
1860 tithis, 135 solar naksatras, 1809 lunar naksatras and 1768 risings 
of the Moon. It also mentions that there are 10 ayanas and visuvas and 
30 rtus in a yuga. 

The practical way of measuring time is mentioned as the time 
taken by a specified quantity of water to flow through the opening of a 
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specified clepsydra (water-clock), as one nadika, i.e., ! /6o‘ h part of a 
day. The Vedangajyotisa also has a useful classification of those times 
like: 

(i) the solstices 

( j 7) increase and decrease of the durations of days and nights in the 
ayanas 

( Hi) the solstitial tithis 

(iv) the seasons 

(v) omission of tithis 

(vi) table of parvas 

( vii ) yogas (which developed later as one of the five limbs of a full- 
fledged pahcahga) 

(viii) finding the parva naksatras and the parva tithis 

(ix) the visuvas (equinoxes) 

(x) the solar and other types of years 

(xj) the revolutions of the Sun and the Moon (as seen from the Earth) 

(x/7) the times of the Sun’s and the Moon’s transit through a naksatra 
(xiii ) the adhikamasa (intercalary month) 

(x/V) the measures of the longest day and the shortest night, etc. 

The Vedangajyotisa mentions that the durations of the longest and 
the shortest days on the two solstices are 36 and 24 ghatika (nadikas) 
which correspond to 14 hours, 24 minutes and 9 hours, 36 minutes, 
respectively. This means the dinardha, i.e. the length of half-day, comes 
to be 7h 12m and 4h 48m, respectively, which differs from 6h by 1 h 12m. 
This is called the ascensional difference. It is calculated that around 
1400 BC, the Sun’s maximum declination used to be about 23°53'. 
However, our ancient Indian astronomers took it as 24°. Now, the 
latitude, (p, of a place can be found using the formula: 

Sin (ascensional difference) = tan (p tan <5 

where d is the declination of the Sun. The correction due to the 
ascensional difference in this case is lh 12m, i.e. in angular measure, 
1 h 12m X 15°=18°. Now using the above formula, we get the latitude 
of the place as (p - 35°, approximately. Therefore, the place of 
composition of the Vedangajyotisa appears to be in some region 
around the northern latitude of 35°. 
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1.4 SiddhAnta 

The astronomical computations described in the 
Vedahgajyotisa were in practical use for a very long time. Around the 
beginning of the Christian era, say a century on either side of it, a new 
type of Indian astronomical literature emerged. The texts represent¬ 
ing this development are called siddhanta. The word “ siddhanta” has 
the connotation of an established theory. These siddhanta texts 
contain much more material and deal with more topics than the 
Vedahgajyotisa. 

Along with the naksatra system, the twelve signs of the zodiac, viz. 
Mesa, Vrsabha, etc. were introduced. A more precise value for the 
length of the solar year was adopted. Computations of the motions of 
the planets, the solar and lunar eclipses, ideas of parallax, determination 
of mean and true positions of planets and a few more topics formed 
the common contents of the siddhantic texts. 

A very significant aspect of that period, and of the history of Indian 
astronomy, was the remarkable development of newer mathematical 
methods which greatly promoted mathematical astronomy. Needless 
to say, the unique advantage of the famous Hindu decimal numbers 
made even computations with huge numbers very simple, and even 
enjoyable, to the ancient Indian astronomers. 

According to the Indian tradition, there were principally 18 
siddhantas: Surya, Paitamaha, Vyasa, Vasistha, Atri, Parasara, 
Kasyapa, Narada, Gargya, Marlchi, Manu, Ahgira, Lomasa (or 
P.omaka ), Paulisa, Cyavana, Yavana, Bhrigu and Saunaka. However, 
among these, only five siddhantas were extant during the time of 
Varahamihira (505 ad) viz., Saura (or Surya), Paitamaha (or Brahma), 
Vasistha, Romaka and Paulisa. These five siddhantas were ably 
compiled by Varahamihira and preserved for posterity as his 
Pancasiddhantika. 


1.5 Aryabhata I (476 ad) 

Aryabhata I, to be distinguished from his name¬ 
sake of the tenth century, was born in 476 ad and composed his 
very famous work, Aryabhatiyam, when he was just 23 years old. He 
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mentions in this monumental text that he sets down the knowledge 
honoured at Kusumapura, identified with modern Patna in Bihar. 

The Aryabhatiyam consists of four parts ( padas ): Gltika, Ganita, 
Kalakriya and Gola. The first part contains 13 verses and the remain¬ 
ing three parts, forming the main body of the text, contain altogether 
108 verses. 

In the Gitikapada, we are introduced to (i) the large units of time, 
viz. Kalpa, Manvantara and Yuga (different from those of the Vedanga- 
jyotisa), (ii) circular units of arc - degrees and minutes and ( Hi) linear 
units, viz., Yojana, Hasta and Ahgula. 

The numbers of revolutions of planets in a mahayuga of 43,20,000 
years are given in the Gitikapada. Further, the positions of the planets, 
their apogees (or aphelia) and nodes are also given. Besides these, the 
diameters of the planets, the inclinations of the orbital planes of the 
planets with the ecliptic, and the peripheries of the epicycles of the 
different planets are also included. The topic of mathematical 
importance, in this part, is the construction of the tables of Jya, the 
trigonometric function ‘Sine’. It is significant that so much information 
is packed, as if in a concentrated capsule form, into just ten verses. 

The second part of the Aryabhatiyam, the Ganitapada contains 
33 stanzas essentially dealing with mathematics. This part deals with 
the following important mathematical topics: geometrical figures, 
their properties and mensuration (Ksetra vyavahara); arithmetic and 
geometric progressions; problems on the shadow of the gnomon 
( sahku-chaya ); simple, quadratic, simultaneous and linear indeter¬ 
minate equations ( kuttaka ). In fact, the most significant contribution of 
Aryabhata in the Ganitapada is his method of solving the first-order 
indeterminate equation: to find solutions of ax+by = c, in integers 
(where a, b are given integers). 

The Kalakriyapada, the third part of the Aryabhatiyam, contains 
25 verses explaining the various units of time and the method of 
determination of the positions of planets for a given day. Calculations 
concerning the adhikamasa (intercalary month), ksayatithis, the speed 
of planetary motions and the concept of weekdays are all included in 
this part of the text. 

The Golapada forms the fourth and the last part of the Aryabhatiyam 
and contains 50 stanzas. Important geometrical (and trigonometric) 
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aspects of the celestial sphere are discussed in the Golapada. The 
important features of the ecliptic, the celestial equator, the node, the 
shape of the Earth, the cause of day and night, the rising of the zodiacal 
signs on the eastern horizon, etc., find a place in this last part of the 
text. In fact, much of the contents of the Golapada of the Aryabha- 
tiyam is generally discussed under the chapter called triprasna (three 
problems of time, place and direction) in the later siddhantic texts. 
Another very important topic included in this chapter is the lunar and 
solar eclipses. 

The system of astronomy expounded in the Aryabhatiyam is 
generally referred to as the audayika system since the dawn of 
day is reckoned from the mean sunrise ( udaya ) at Lanka, a place on 
the Earth’s equator. However, we learn from Varahamihira and 
Brahmagupta that Aryabhata I propounded another system of astron¬ 
omy called ardha-ratrika in which the day is reckoned from the mean 
midnight ( ardha-ratri ) at Lanka. The important parameters are diffe¬ 
rent in the two systems. However, Aryabhata’s text of the ardha-ratrika 
system is not available now. Its outlines can be reconstructed from 
Brahmagupta’s Khandakhadyaka and some later works. 

The following are some of the innovative contributions of Arya¬ 
bhata I: 

(1) A unique method of representing large numbers using the alpha¬ 
bets for the purposes of metrics and easy memorization. The 
method followed by Aryabhata is different from the popular 
methods of Katapayadi and Bhutasahkhya which also serve the 
same purpose. However, Aryabhata’s method was not followed 
by later astronomers due to the difficulty in pronouncing the words 
thus formed. 

(2) The value of 71 is given as 3.1416, which is correct to the first four 
decimal places, for the first time in India. Aryabhata gives the value 
of Jt as the ratio of 62,832 to 20,000. But he cautions that the 
value is “ asanna”, i.e. approximate. The great Keralite astronomer, 
Nllakantha Somayaji (1500 AD) provides the explanation that 
71 is incommensurable (or irrational). This achievement of 
Aryabhata I, as early as in the fifth century, is truly remarkable in 
view of the fact that it was only thirteen centuries later, in 1761, 
that Lambert proved that 71 is irrational ( i.e. it cannot be expressed 
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as ratio of two integers). Again, it was almost about a century later, in 
1882, that Lindemann established the fact that 71 is transcendental, 
i.e. it cannot be the root of an algebraic equation of any degree. 

(3) Sine table: The importance of the trigonometric functions like 
sine (jya) and cosine ( kotijya ) in Indian astronomy can hardly be 
exaggerated. 

Aryabhata I gives us the rules for the formation of the sine table 
in just one stanza. Accordingly, the sine values for the angles 
from 0° to 90° at intervals of 3°45' can be obtained. The values, 
thus obtained, compare favourably with the modern values. It is 
important to note that for an angle ft, the “indian-sine” (Jya) of 
the angle ft is related to the modern sine by the relation: 

Jya (ft) = R sin ft 

where R is a pre defined constant value of the radius of a circle. 
For example, Aryabhata as well as the Suryasiddhanta take the 
value R = 3438', so that: 

Jya (#) = 3438' sin ft 

Brahmagupta postulates that R= 150. 

Aryabhata also gives the following relations for the trigonome¬ 
tric ratios of “allied” angles like 90°+ ft, 180°+ ft and 270°+ ft: 

(i) sin (90°+ ft) = sin 90° — versine ft = cos ft 

(li) sin (180°+ #) = sin 90° - versine 90° - sin ft = - sin ft 
(iii) sin (270° + ft) = (sin 90°-versine 90°)-(sin 90°-versine^) 

, = -cos ft 

where versine ft = 1 — cos ft. 

(4) Earth’s shape and rotation: Now, it is a well-known fact that the 
Earth is spherical (or spheroidal) in shape and that it rotates 
about its own axis once a day causing day and night. He clearly 
maintains that: 

(j) the Earth is spherical, circular in all directions (see Gola- 
pada, 6). 

(if) Halves of the globes of the Earth and the planets are dark 
due to their own shadows; the other halves facing the Sun 
are bright. It is truly creditable that Aryabhata recognised 
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that the Earth and the other planets are not self-luminous 
but receive and reflect light from the Sun. 

(iil) Again, Aryabhata was the first to state that the rising and 
setting of the Sun, the Moon and other luminaries are due to 
the relative motion caused by the rotation of the Earth about 
its own axis once a day. He says, “Just as a man in a boat 
moving forward sees the stationary objects (on either side 
of the river) as moving backward, just so are the stationary 
stars seen by the people at Lanka (i.e. on the equator) as 
moving exactly towards the west” ( Golapada , 9). 

The period of one sidereal rotation (i.e., with reference to the fixed 
stars in the sky) of the Earth, as given by Aryabhata works out to 
be 23h 56m 4.1s. The corresponding modern value is 23h 56m 
4.091s. Thus, Aryabhata’s accuracy is truly remarkable. 

1.6 Astronomers after Aryabhata 

Aryabhata’s cryptic and aphoristic style would 
have made it extremely difficult to understand his text, but for the 
detailed exposition of the system by Bhaskara I (c.600 ad). In his 
commentary on the Aryabhatiyam, as also in the works Maha- and 
Laghu-Bhaskarlyam, Bhaskara I (to be distinguished from his more 
popular namesake of the 12th century) has very ably expounded 
Aryabhata’s astronomy with examples and references. 

As mentioned earlier, Varahamihira (505 ad) brought together the 
five systems of astronomy extant during his period, in his remarkable 
work, Paiicasiddhantika. He mentions that among the five systems, 
the Suryasiddhanta is the best. Even to this day the most popular 
astronomical text is Suryasiddhanta, though in its revised form. It is 
believed that the modern version of Suryasiddhanta was composed 
around 1000 ad. 

While the siddhantas proper are large texts consisting of broad 
theories and a large number of topics, these texts are not very handy 
for practical computations and day-to-day use. Further, very large 
numbers will have to be dealt with, which is a very inconvenient 
task. Therefore, besides the siddhantas, two other types of texts on 
astronomy have been used. These are called the tantras and karanas. 
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Conventionally, the Siddhantas choose the beginning of the 
Mahayuga (43,20,000 years) as the epoch. After the Suryasiddhanta, 
two other popular Siddhantas are Brahmasphutasiddhanta of 
Brahmagupta (628 ad) and Siddhantasiromani of Bhaskara II (1150 
ad). A large number of commentaries and even secondary commen¬ 
taries have been written, particularly on the Suryasiddhanta. 

The tantra texts have comparatively fewer topics and explanations. 
These works choose the more convenient epoch, viz. the beginning of 
Kaliyuga - the sunrise of February 18,3102 bc. For example, the 
Aryabhatiyam and Nilakantha Somayaji’s Tantrasahgraha (c.1500 ad) 
are tantra texts. 

However, for practical computations and making pahcahgas, the 
most useful handbooks are the karana texts. In these, practical 
algorithms are provided taking a convenient contemporary date as the 
epoch. The advantage of a recent epoch is that, one now deals with 
smaller numbers for the ahargana (the number of civil days elapsed 
since the epoch). Further, since the corrected positions of planets for 
a recent date have been given with the necessary bljasamskara 
(corrections), the computations based on these karana handbooks 
are more accurate. The well known karana texts are Brahmagupta’s 
Khandakhadyaka (7th cent.), Bhaskara Il’s Karanakutuhala (12th 
cent.) and Ganesa Daivajna’s Grahalaghava (16th cent.). A large 
number of such handbooks and tables ( saranls ) were composed during 
different periods—even as late as the nineteenth century. 

Some of the famous Indian astronomers and their major works are 
listed below. The dates in brackets refer to the approximate dates of 
composition of the works: 


(1) 

Author 

Aryabhata I 

(499 AD) 

Works 

Aryabhatiyam, Aryasiddhanta 

(2) 

Varahamihira 

(b.505 AD) 

Pancasiddhantika, Brhatsamhita 

(3) 

Bhaskara I 

(c.600 AD) 

Bhashya on Aryabhatiyam, 

(4) 

Brahmagupta 

(b.591 AD) 

MahabhaskarTyam, 

Laghubhaskariyam 

Brahmasphutasiddhanta, 

(5) 

Vatesvara 

(880 AD) 

Khandakhadyaka 

Vatesvarasiddhanta 

(6) 

Manjula 

(932 AD) 

Laghumanasam 
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Author 


Works 

(7) 

Aryabhata 11 

(950 AD) ' 

Mahasiddhanta 

(8) 

Bhaskara II 

(b. 1114 AD) 

Siddhantasiromani, 
Karanakutuhala 

(9) 

Paramesvara 

(c.1400 AD) 

Drgganitam, Suryasiddhanta- 
vivaranam, Bhatadlpika, etc. 

(10) 

Nllakantha Somayaji 

(1465 AD) 

Tantrasangraha, 

Aryabhatabhashya 

(11) 

Ganesa Daivajna 

(1520 AD) 

Grahalaghava 

(12) 

Jyesthadeva 

(1540 AD) 

Yuktibhasa 

(13) 

CandraSekhara 

(b.1835 AD) 

Siddhantadarpana 

(14) 

Sankara Varman 

(19th cent.) 

Sadratnamala 

(15) 

Venkatcsa Ketkar 

(1898 AD) 

Jyotirganitam, Grahaganitam 


1.7 Contents of the Siddhantas 

The various topics of interest in Indian astronomy 
are discussed in different chapters. A chapter is called an adhyaya or 
adhikara. The distribution of the topics into the different adhikaras in 
a typical Siddhantic text is given below. 

1. MADIIYAMADHIKARA 

The word madhyama means the average or ‘mean’ positions of 
planets. Here, by ‘planets’ we mean the Sun, the Moon and the so- 
called taragrahas, viz., Mercury, Venus, Mars, Jupiter and Saturn. In 
order to calculate the mean angular velocities, the numbers of 
revolutions completed in a mahayuga (of 43,20,000 years) by the 
planets as well as the special points, viz., the apogee (called mandocca) 
of the Moon and also of the Moon’s ascending node (popularly called 
Rahu) are given. 

The procedure to calculate the ahargana (the number of civil days 
from the epoch) for the given date is also explained in this chapter. 
The total number of civil days in a Mahayuga is also specified. Then, 
the motion of a planet from the epoch to the specified date is given by 
the equation: 

Motion = (No. of revns. X Ahargana X 360°) / (No. of civil days 

in a Mahayuga ) 


in degrees. 
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When the nearest integral multiple of 360° (i.e., completed number of 
revolutions) is dropped from the above value, we get the mean position 
of the planet in degrees for the given date. 

2. SPASTADHIKARA 

In this chapter the procedure to obtain the “true” position of a planet, 
from the mean position, is discussed. The word spasta means correct 
or true. For obtaining the true positions from the mean, two corrections 
are prescribed: 

(i) manda, applicable to the Sun, the Moon and the other five planets 
and 

(ii) sighra, applicable only to the five planets ( taragrahas), viz. Budha, 
Sukra, Kuja, Guru and Sani. 

The manda correction takes into account the fact that the planet’s 
orbits are not circular. This correction corresponds to what is called 
“the equation of the centre” in modern astronomy. The sighra correc¬ 
tion corresponds to the conversion of the heliocentric positions of 
planets to the geocentric positions. 

3. tripraSnadhikAra 

This chapter deals with the “three questions” of direction (dik), place 
( desa ) and time ( kala ). The procedures for finding the latitude of a place, 
the times of sunrise and sunset, variations of the points of sunrise and 
sunset along the eastern and western horizon, gnomon problems and 
calculation of lagna are dealt with therein. 

4. CANDRA- AND SURYA-GRAHANADHIKARA 

In these chapters the computations of the lunar and the solar eclipses 
are discussed. The instants of the beginnings, the middle and the 
ends, regions of visibility, possibility of the occurrence, totality, etc., 
of the eclipses are considered. Their computational procedures are 
elaborated. 

In fact, for Indian astronomers, the true testing ground for the 
veracity of their theories and procedures depend very much on the 
successful and accurate predictions of eclipses. Of course, when minor 
deviations between computations and observations were noticed, 
necessary changes and corrections (blja samskara ) were suggested. 
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Besides these four important topics, the Siddhantic texts contain 
many other topics, which vary from text to text, like the first visibility 
of planets, the Moon’s cusps, mathematical topics like kuttaka 
(indeterminate equations), spherical trigonometry and the rationales 
of the formulae used. 


1.8 Continuity in Astronomical 
Tradition 

A characteristic feature of Indian astronomy is the 
unbroken continuity in the tradition, beginning from the Vedic period 
upto recent times. Starting from simple observation and a simple 
calendar, relevant to the contemporary needs during the Vedic times, 
there has been a gradual progress in the extent of astronomical topics 
considered, mathematical techniques developed, and refinement 
and sophistication in the computational algorithms, always aimed at 
greater accuracy during the Siddhantic period of evolution, spread over 
nearly fifteen centuries. 

The popularity of the existing siddhanta texts, like the Surya- 
siddhanta, are enhanced with elucidations and illustrations, by a large 
number of commentaries and secondary commentaries. For example, 
the Aryabhatiyam carries learned and exhaustive commentaries by 
Bhaskara I, Paramesvara and Nilakantha Somayaji among others. Prthu- 
dakasvamin’s commentary on the Khandakhadyaka of Brahmagupta, 
in addition to those by Bhattotpala and Amaraja, is extremely useful. 
Bhaskara II has written his own commentary, Vasana bhashya, on his 
magnum opus, Siddhantasiromani. In fact, very often, the commen¬ 
taries improve upon the parameters and computational techniques of 
the original texts and yield better results. 

While Manjula (932 ad) and Sripati (c. 1000 ad) introduced addi¬ 
tional corrections for the Moon, Nilakantha Somayaji (c.1500 ad) 
revised the model of planetary motion in his Tantrasangraha to obtain 
more precise positions of the interior planets, Budha and Sukra. 

Inspired by the ideas of Paramesvara (c. 1400 ad), Nilakantha 
(c. 1500 ad) developed a heliocentric model in which all planets move 
round the Sun in concentric orbits. It is a significant achievement before 
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Copernicus came into the picture. Nflakantha’s revised model was 
successfully adopted by all the later astronomers of Kerala, such as 
Jyestadeva, Acyuta Pisarati and Citrabhanu. 

It is also noteworthy that the knowledge of astronomy was not 
restricted to any particular region, but spread throughout India. While 
Candrasekhara S&manta of Orissa made quite a few important 
innovations, like an additional correction to the Moon quite indepen¬ 
dently, Kerala became the hub of tremendous development between 
the 14th and 19th centuries. Of course, the congenial social milieu and 
patronage must have played an important role in the development of 
astronomy—more during certain periods and in certain regions and 
less at other times and in other regions. 

While concluding this historical review, it is necessary to remember 
that the methods described in this book are now far superseded by the 
methods of celestial mechanics which are based on Newton’s theory 
of gravitation. But they form an important step in the advancement of 
astronomy, and contribute to our understanding of modern astronomy 
as a science. 



2 


Celestial Sph ere 


2.1 Introduction 

On a clear night, when we look up at the sky we 
see a multitude of luminous heavenly bodies illuminating the sky. These 
luminous bodies appear to be shining from the inner surface of a large 
hollow hemisphere with the observer at the centre. Of course, we all know 
that the sky is not really a hollow crystalline sphere surrounding the 
Earth, although it appears like that. The stars, the planets, the Sun and 
the Moon are scattered through space at different and very large distances. 
All the same, the sky as a large hollow crystalline hemisphere with the 
Earth as its centre is a very convenient model for the study of the 
positions and motions of the celestial bodies. This hemispherical model 
of the sky is called the Celestial sphere. Thus, the celestial sphere is an 
imaginary hollow sphere of a very large radius with the Earth as its centre. 

2.2 Diurnal Motion of the 
Celestial Bodies 

The Earth rotates about its own axis from west to 
east in the course of a day. Due to this rotation of the Earth about its own 
axis, an observer on the surface of the Earth is carried eastward continu¬ 
ously. But the observer is not consciously aware of his motion in space. 
On the other hand, the celestial sphere with all the celestial bodies, as 
though clinging to it, appears to rotate from east to west. This apparent 
westward rotation of the celestial bodies is called their diurnal motion. 

In fact, Aryabhata I (47 ad) the famous Indian astronomer, men¬ 
tioned explicitly in his Aryabhatiyam that: 

(i) the Earth is round; 

(ii) the Earth rotates about its own axis from west to east and hence all 
the celestial bodies appear to move in the opposite direction, from 
east to west, everyday. 
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Aryabhata I gives a beautiful example of this relative motion. For an 
observer moving in a boat on a river, all the trees, etc. on the bank of 
that river appear to move in the opposite direction. 

Due to the diurnal motion, the celestial bodies appear to rise in the 
east, move westward up in the sky and then set in the west. When the 
axis of the Earth’s rotation is extended, it meets the celestial sphere at 
two diametrically opposite points called celestial poles. The one in the 
direction of the Earth’s north pole is called the celestial north pole and 
the other pole, the celestial south pole (Pand P' in Fig. 2.1). Due to 
the diurnal motion, every celestial body describes a circle whose plane 
is perpendicular to the line PP'. 



Figure 2.1 Celestial equator, poles and diurnal paths 

The great circle of the celestial sphere is a circle on its surface with 
a radius equal to that of the sphere. The great circle (QR in Fig. 2.1), 
whose plane is perpendicular to the line PP' joining the celestial poles, 
is called the celestial equator. Thus, the diurnal paths of the celestial 
bodies are circles of different radii, parallel to the celestial equator. 
These are shown as Xj Y,, X 2 Y 2 etc. in Fig. 2.1. 

2.3 Motion of Celestial Bodies 
Relative to Stars 

In the previous section, we saw how all the celes¬ 
tial bodies appear to move from east to west due to the diurnal motion. 
This motion is common to all the stars, the planets and the Moon (note 
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that the Sun is a star). In addition to the diurnal motion, the planets, the 
Sun and the Moon have another, different motion. These are the actual 
individual motions of the said bodies and are observable relative to 
the stars and groups of stars (called constellations) which are fixed. 
Observations over long periods of time reveal how the different celestial 
bodies move, relative to the fixed stars. 

The planets, the Sun and the Moon, as observed from the Earth, 
move relative to the fixed stars from west to east, the direction oppo¬ 
site to that of the diurnal motion. However, sometimes a planet may 
have “retrograde” motion (vakra gati); when it appears to move in 
the opposite direction, that is, from east to westrelative to the fixed 
stars. 


2.4 Celestial Horizon, Meridian 

When an observer stands at a place on the surface 
of the Earth and looks around describing a full circle, he finds that the 
sky appears to meet the Earth along a circle. The circle, with the 
observer at the centre, is called the celestial horizon (Ksitija). In fact, 
it is the great circle of the celestial sphere in which the tangent plane to 
the surface of the Earth, at the position of the observer, meets the 
celestial sphere. It is depicted by SENW in Fig. 2.2. 



Figure 2.2 Celestial horizon and cardinal points 
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The line perpendicular to the plane of the horizon (plumb line), at 
the position of the observer, meets the celestial sphere at two points Z 
and Z! as shown in Fig. 2.2. These two points are respectively called 
the zenith and the nadir. Clearly, the zenith and the nadir are the 
poles of the celestial horizon. The great circle PZP'Z! passing through 
the celestial poles and the zenith and the nadir is called the celestial 
meridian of the observer (see Fig. 2.2). 

The celestial equator QR divides the celestial sphere into two 
hemispheres. The one containing the celestial north pole Pis called 
the northern hemisphere and the other containing the celestial south 
pole P 1 is the southern hemisphere. 

Similarly, the celestial meridian PZP 1 Z divides the celestial sphere 
into the eastern hemisphere and the western hemisphere. 

The hemisphere “above” the celestial horizon, containing the zenith 
is called the visible hemisphere and the one “below” (containing the 
nadir) is the invisible hemisphere. The latter is so called since the 
celestial bodies in that hemisphere (below the horizon) cannot be seen. 
For example, during the day the Sun will be in the visible hemisphere 
(from sunrise to sunset) and during the night the Sun will be in the 
invisible hemisphere. 

2.5 Pole Star and Directions 

On a dark night, with a clear sky, how does one 
know the four directions? The directions can be recognized with the 
help of the stars in the sky. Of course, we see innumerable clusters of 
stars, some very bright, some others just visible and still other clusters 
rarely visible. After some time, all of them will have moved westward 
except one star which continues to be nearly in the same position even 
after a long time. This exceptional star is called the Pole Star (or 
Dhruvanaksatra). Dhruva, in Sanskrit means one which is fixed or 
immovable. Although the pole star is not very bright, it can be located 
quite effortlessly. The direction of the pole star is very close to the 
north. This is so because the pole star is about 1 ° away from the celestial 
north pole. The direction, exactly opposite to that of the pole star, is 
very close to the south. The directions perpendicular to the line joining 
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the observer and the north point are the east and the west; i.e. when 
you stand facing the pole star, the direction to your right is the east and 
that to your left is the west. These points on the horizon, N,S,E, W in 
Fig. 2.2, are called cardinal points. 

From time immemorial, navigators and other travellers have used 
the pole star as the guiding star in determining the directions during 
the night. However, a lay observer may mistake some other star for 
pole star. Then, is there a foolproof way of confirming the identifi¬ 
cation of this important star? Yes, during the months from March to 
September, around 9 o’ clock in the night, one can see a group of 
seven stars in the shape of a hook or a question mark (?) in the 
northern portion of the sky, towards the northerly direction (see 
Fig. 2.3). 


p 



*M 


Figure 2.3 Saptarsimandala and the pole star 

This group of seven stars, all of more or less equal brightness, is 
called Saptarsi mandala in Indian astronomy. This cluster of seven 
stars is a “constellation” since the stars appear to be close to one 
another even though they may have different distances from us. The 
relative positions of the seven stars of the Saptarsi mandala are as 
shown in Fig. 2.3. The stars, taken in order, from one end are named 
as Marlci (M), Vasistha (V), Ahglrasa [An), Atri (At), Pulastya (Ps), 
Pulaha (Pu), Kratu (X). Very close to Vasistha, but slightly below it, 
there is a very faint star which is called Arundhatl (Ar). In Indian 
mythology, Vasistha and Arundhatl are an ideal couple. Even to this 
day in Hindu marriages, the stars Vasistha and Arundhatl are shown 
to newly-wed couples, suggesting that they should follow in the 
footsteps of this exemplary and ideal couple. The pole star (P) is in the 
direction joining the Pulaha (Pu) and Kratu (K) stars. 
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2.6 Zodiac and Constellations 

We now briefly recapitulate the definitions 
given in the previous sections. Stars and planets, on a clear night, appear 
as luminous points set in the hemispherical dome of the sky. This 
imaginary sphere of an arbitrarily determined large radius is called the 
celestial sphere (khagola). This sphere has no real physical existence 
and, in fact, the stars and planets are at varying distances from the 
observer. Since the relative angular distances of the celestial bodies 
are of interest in spherical astronomy, their actual linear distances 
are not of that much importance. 

In Fig. 2.4, A and B are two celestial bodies and O is the position of 
the observer which is taken as the centre of the celestial sphere. 



Figure 2.4 Celestial Sphere 

The lines OA and OB, joining A and B to the observer’s position O, 
cut the celestial sphere at the points a and b respectively. Angle aOb is 
the same as angle AOB, the angular distance between the celestial 
bodies A and B as seen from O. Thus, we observe that although the 
two objects A and B are at different distances from the observer, the 
angular distance between them remains the same, as though the two 
bodies lie on the celestial sphere with O as their centre. 

The radius of the celestial sphere is taken arbitrarily as large, so that 
the entire Earth can be considered as just a point at the centre of this 
very huge, imaginary sphere. This means that wherever the observer 
may be on the surface of the Earth, he can always be considered as 
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being at the centre of the celestial sphere. However, it is important to 
note that all observers at different places on the Earth do not see the 
same part of the celestial sphere at a given time. 


2.7 Equator and Poles 

[VISUVAD VRTTA AND DHRUVA) 

The Earth is rotating about its own axis pp' as 
shown in Fig. 2.5. The axis pp' is extended both ways to meet the 
celestial sphere at P and P' , which are called the celestial north and 
south poles (uttara and daksina dhruva). The great circle qr on the 
Earth, whose plane is perpendicular to the axis pp' is the Earth’s 
equator, and the points p and p' are the terrestrial north and south 
poles. Correspondingly, the great circle QR on the celestial sphere 



Figure 2.5 Celestial Equator and poles 

is called the celestial equator (visuvad vrtta). The points P and P' 
are the celestial poles. It is clear that the celestial equator QR is the 
intersection of the celestial sphere with the plane of the Earth’s 
equator. 
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2.8 Latitude of a Place and 
Altitude of Pole Star 

The terrestrial (or geographical) latitude 0 of a 
place on the surface of the Earth is the angular distance of the place 
from the Earth’s equator. In other words, the latitude of a place is the 
angle made by the line joining the Earth’s centre to the place with the 
plane of the Earth’s equator. In Fig. 2.5, AOr is the latitude 0 of the 
place A. The altitude of a celestial body is its angular distance from the 
horizon. To put it in ordinary language, the altitude of a luminary is the 
angle through which the observer has to raise his eyes, above the 
horizon, to see the body. 

In Fig. 2.6, E is the centre of the Earth and O is the position of the 
observer on the Earth. The latitude 0 of the observer O is the angle 
C)£q made by the line EO with the plane of the terrestrial equator Eq. 
In Fig.2.6, ris the radius of the Earth. 



Figure 2.6 Altitude of the pole star and latitude of a place 

The altitude of the pole star P is nOP (or arc nP ), made by the line 
OPwith the horizon sn of the place. In Fig. 2.6, sQZPn represents the 
meridian on the celestial sphere with radius R » r. Q, Z and P 
respectively, represent the equatorial point, zenith and celestial north 
pole. Now, we have 

Latitude 0 = 0@q = arc Oq 
= QOZ = arc QZ 
= arc PQ - arc PZ 
= 90° - (arc Zn - arc Pn) 

= 90° — (90° — arc Pn) = arc Pn = Altitude of P 
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Thus, the latitude of a place is equal to the altitude of the pole star at 
that place. Thus, for example, an observer in Chennai or Bangalore 
can locate the pole star at about 13° above the horizon. 

2.9 Ecliptic and Equinoxes 

The Sun appears to move around the Earth 
continuously, as seen from the Earth, from west to east with respect to 
the fixed stars, and comes back to the same position after a year. This 
motion of the Sun, for an observer on the Earth, is apparent and is 
a relative motion caused by the revolution of the Earth around the 
Sun in a year. The apparent annual path of the Sun round the Earth, 
with respect to the fixed stars is a great circle S,S 2 (Fig. 2.7) called the 
ecliptic. The points of intersection of the ecliptic, S,S 2 , with the celestial 
equator QR are called equinoxes denoted by Y 1 and H. 



Figure 2.7 Ecliptic and Equinoxes 


The equinoctial point f Y > where the Sun, during its annual motion 
along the ecliptic, crosses the celestial equator from the south to the 
north is called the Vernal Equinox or the first point of the Aries sign; 
and the other equinoctial point is called the Autumnal Equinox or the 
first point of the Libra sign. The angle between the planes of the ecliptic 
and the celestial equator is called obliquity of the ecliptic, denoted by 
£. The value of £ is about 23 0 26'2l" (as on 1-1-2000). 



3 

Co-ordinate Systems 


3.1 Introduction 

In order to determine and specify the location of 
a celestial body in the sky, different systems of co-ordinates are evolved. 
Each of these systems is useful in a particular context to locate a celestial 
body. The following are the different systems of co-ordinates: 

1. Celestial longitude and latitude (or ecliptic system) 

2. Right ascension and declination (or equatorial system) 

3. Azimuth and altitude (or horizontal system) 

4. Hour angle and declination (or meridian system) 

We shall discuss these systems of co-ordinates in the following 
sections. 


3.2 Celestial Longitude and 
Latitude (ecliptic system) 

Let S be the position of a body on the celestial 
sphere (Fig. 3.1). The ecliptic is represented by CL and its poles by K 

K 



Figure 3.1 Celestial longitude and latitude 
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and K '. The arc KS is produced to meet the ecliptic CL and M. The 
angular distance SM (equal to angle SOM) of the body from the ecliptic 
is called the celestial latitude of the body S, and is denoted by the letter 
ft. The latitude is northerly if 5 lies on the same side of the ecliptic as 
the north pole Pand negative otherwise. Of course, if Sis on the ecliptic, 
the latitude ft = 0. 

The angular distance T M, measured eastward along the ecliptic from 
the vernal equinox Y or the first point of Aries is called the celestial 
longitude of the planet 5 and is denoted by A„ it varies from 0° to 360°. 

The longitude A, measured from the vernal equinox Y is called 
tropical longitude. However, in the Indian system the longitude is 
measured from a fixed point (see in Fig. 3.1) on the ecliptic, called 
Mesadi. It is called the sidereal or nirayana longitude and it will be 
denoted by A s . The difference (5 p = A, -A s is called ayanamsa which 
arises on account of the phenomenon of precession of the equinoxes 
discussed in Section 3.6. 

3.3 Right Ascension and 

Declination (equatorial system) 

In this system the celestial equator QR is the 
great circle of reference and the first point of Aries is the origin. 

In Fig. 3.2, let S be a celestial body and M be the foot of the secon¬ 
dary line through it to the celestial equator. Now, YMmeasured along 


p 



Figure 3.2 Right ascension and declination. 
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the celestial equator is called the right ascension (R.A.) denoted by «, 
and SM is called the declination d of the body 5. The right ascension is 
measured from 0° to 360°. But, usually the R.A. of a heavenly body is 
expressed in time units as hours, minutes and seconds (by dividing the 
angle by 15° to get hours, etc.). 

When a body is in the northern hemisphere of the celestial sphere, 
its declination is said to be north and when the body is in the southern 
hemisphere, it is south. 

In the course of the Sun’s motion in a year, its declination d 
increases from 0° (March 22) to about 23°27'N (June 22), then 
decreases from 23°27'N to 0° (Sept 23). For the next six months, the 
Sun will go “south” of the celestial equator; d increases from 0° 
(Sept 23) to 23°27'S (Dec. 22) and then it increases from 23°27'S to 
0° (March 22). The northern course (Dec. 22 to June 22) and the 
southern course (June 22 to Dec. 22) of the Sun are referred to as the 
Uttarayana and the Daksinayana. However, the difference in the 
prevailing wrong dates of observance (viz. Jan. 14 or 15 and July 16) is 
due to the precession of the equinoxes, discussed in Section 3.6. 

3.4 Azimuth and Altitude 

(HORIZONTAL SYSTEM) 

In this system, the celestial horizon is the refer¬ 
ence circle and the north point is the origin. In Fig. 3.3, let Sbe a 
celestial body and Mthe foot of the “vertical” through 5. 



Figure 3.3 Azimuth and altitude 
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The angular distance nM from the north point n, measured along 
the horizon, is called the azimuth of the body S. The angular distance 
SM along the vertical through 5is called the altitude of S. The azimuth 
A is always measured eastward from the north point n and varies from 
0° to 360°. Sometimes the azimuth is also measured westward, in which 
case a specific mention is made to that effect. 

The altitude a of a body is the angular distance from the horizon 
measured along the vertical through the body. It varies from 0° to 90° 
on either side of the horizon. 

The horizontal system of azimuth and altitude is suitable for local, 
short interval observations. These co-ordinates are affected by diurnal 
motion and also vary from one place of observation to another. 

3.5 Hour Angle and Declination 

(MERIDIAN SYSTEM) 

Here, the celestial equator is the reference circle 
and the visible point of intersection is Q in Fig. 3.4 of the meridian 
PQs, with the equator as the origin. Let 5 be a celestial body and M 
be the foot of the secondary to the celestial equator through S. As 
defined earlier (Section 3.3), the angular distance SM from the 
celestial equator, along the secondary through S, is the declination <5 
of the body S. 


z 



Figure 3.4 Hour angle and declination 
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The angular distance QPM( = arc QM) is called the hour angle h 
of the celestial body S. Thus, the hour angle of S at any given instant is 
the angle between the meridian of the place and the hour circle PSM 
through 5. The hour angle h is always measured westward from the 
meridian. However, in some contexts, if h is measured eastward, then 
it will be referred to as the eastern hour angle. The hour angle varies 
from 0° to 360°. 

While the hour angle is affected by the diurnal motion, the declination 
3 is not affected. Further, h changes from one place of observation to 
another. 


3.6 Phenomenon of Precession of 
Equinoxes 


It is found that the equinoctial points T and 
the points of intersection of the celestial equator and the ecliptic, are 
not fixed. In fact, these two points retrograde, i.e. move backwards 
along the ecliptic due to the rotation of the axis of the Earth around 
the axis joining the ecliptic poles. This phenomenon is called the 
“precession of the equinoxes” and it is important to know this to 
appreciate the difference between the frameworks of the western and 
the Indian astronomical systems. 

In Fig. 3.5, let 5 be the position of a celestial body on the celestial 
sphere. Then 55, is the celestial latitude of 5 measured along the great 



Ecliptic 

Celestial Equator 


Figure 3.5 Precession of equinoxes 
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circle KSS lt passing through the pole K of the ecliptic. The longitude 
of 5 is YS, which is measured from Y along the ecliptic. 

The ecliptic is a fixed, great circle on the celestial sphere with 
reference to the background of the stars. The celestial equator keeps 
on moving, though slowly, in such a way that the first point of Aries Y 
moves backwards (retrogrades) along the ecliptic, say to a position Y[ 
at a future time, at an average annual rate of 50".27. 

Further, if the change in the obliquity of the ecliptic £ is considered 
as being very negligible, the celestial north pole P of the celestial 
equator describes a small circle of which the pole is K and the angular 
radius is £. It is clear from Fig. 3.5 that Y Y, is equal to the angle PKP, 
which gives the distance that the equinoctial point Y has moved, P, being 
the pole of the changed position of the celestial equator (shown with a 
broken line, QY, arc, in Fig. 3.5) which intersects the ecliptic at Y,. 

3.7 Ancient Indian References to 
the Precession 

The phenomenon of the precession of the 
equinoxes appears to have been familiar to Indian astronomers since 
the Vedic times, and they used it for correcting their calendar. 

Next, comes the question of the so-called “zero-year” when the 
zero of the Indian zodiac, considered as a fixed one, coincided with 
the zero of the moving zodiac, viz. the vernal equinox. In other words, 
when was the last time the first point of Mesa coincided with the first 
point of Aries? 

Indian astronomers have differed on the rates of precession during 
different periods, as also with respect to the “zero year”. The Surya- 
siddhanta takes the rate of precession as 54" per year. The accumulated 
amount of precession starting from the “zero-year” is called ayanamsa. 

The zero-year according to different Indian astronomical texts is 
given below: 

Siddhantic text Year of zero ayanamSa 

Suryasiddhanta 499 AD 

Laghumanasam (Manjula) 527 AD 

Grahalaghava (Ganesa Daivajna) 522 AD 
Bhatatulya (Damodara) 420 AD 
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3.8 Effects of Precession on 
Celestial Longitude 

The vernal equinox has a precession rate of about 
50".21 per year. Therefore, it takes about 71.7 years for T to move 
by 1°. The equinox completes one full revolution, moving backwards, 
along the ecliptic, in about 25,800 years. Since the celestial longitudes 
of all the heavenly bodies are measured along the ecliptic, starting from 
the vernal equinox T and using it as the reference point and this point 
of reference itself moves backward along the ecliptic, the celestial 
longitudes of all these bodies increase by a constant amount of about 
50".27 each year. However, the latitudes are unaffected by the 
precession of the equinoxes since the plane of the ecliptic remains fixed. 

3.9 Tropical (sayana) and Sidereal 

(NIRAYANA) LONGITUDES 

In modern astronomy, the zodiac is divided into 
twelve signs, viz. Aries, Taurus, etc. starting from the vernal equinoctial 
point called “the first point of Aries” as noted earlier. The celestial 
longitudes of heavenly bodies measured along such a “moving 
zodiac” are referred to as tropical (or sayana) longitudes. In Sanskrit 
sayana means “with motion”. However, as pointed out earlier, in Indian 
astronomy, the celestial longitudes are measured starting from a fixed 
point of reference called Mesadi. Thus, a “fixed zodiac” is used in this 
system where the celestial longitudes are measured with reference to 
the fixed stars. Hence, the longitudes are referred to as sidereal (or 
nirayana); nirayana means “without motion”. 

Now, due to precession, the first point of Aries moves backwards 
constantly as compared to the first point of Mesa. Once in about 
25,800 years, the period of the complete revolution of T, the first 
points of the moving and the fixed zodiacs coincide when the longitudes, 
according to the sayana and the nirayana systems, will be the same. 

However, there is a divergence of opinion as to when T coincided 
with the first point of Mesa last - the year of “zero precession”. On the 
recommendation of the Indian Calendar Reform Committee, the 
Government of India has adopted 285 ad as the year of zero-precession. 



4 


Radi and Naksatra 
Systems 


4.1 Zodiac and RASis 

Consider two small circles parallel to the ecliptic 
and lying at an angular distance of 8° on either side of the ecliptic. The 
positions of stars and planets are considered with reference to this 
circular belt, called the zodiac (bhacakra). 

The zodiac is divided into 12 equal parts, each part of 30° extent, 
called signs (sayana rasi ) and which are listed in Table 4.1. Each sign 
(or sayana rasi) was once characterized by groups of stars called 
constellations. These are named after the objects or animals or 
human forms which they are supposed to resemble. The twelve 
groups of stars, characterizing the twelve signs, are called zodiacal 
constellations. 

The sayana rasis have now shifted from the constellations, after 
which those were named, by the ‘phenomenon of precession of 
equinoxes’. The shift now amounts to about 23°45\ In India we use 
the unshifted nirayana rasis. 

The Sun moves from one sign to the next in the course of a month. 
It is at the first point of Aries, i.e. at the vernal equinox, around March 
22 nd and at the first point of Libra, i.e. at the autumnal equinox, around 
September 23 rd each year. 

For example, on January 1 st , 1990 at 5:30 a.m. (1ST), the tropical 
longitude X t of the sign was 280°18\ This means that the Sun was at 
10° 18 r in the sign of Capricorn ( Makara ) whose range is 270° to 300°. 
However, in the Indian system its sidereal longitude is 23°43' less, i.e. 
A s = 250°35', which falls in Sagittarius (Dhanus). 
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Table 4.1 Signs of the zodiac 



Signs 

Sayana rail's 

Meaning 

Angle of lat. 

1 . 

Aries 

Mesa 

Ram 

0°- 

30° 

2. 

Taurus 

Vrsabha 

Bull 

30° - 

60° 

3. 

Gemini 

Mithuna 

Twins 

60° - 

90° 

4. 

Cancer 

Karkataka 

Crab 

90° - 

120° 

5. 

Leo 

Simha 

Lion 

120°- 

150° 

6. 

Virgo 

Kanya 

Virgin 

150°- 

180° 

7. 

Libra 

Tula 

Balance 

180°- 

210° 

8. 

Scorpio 

Vrscika 

Scorpion 

210°- 

240° 

9. 

Sagittarius 

Dhanus 

Archer 

240°- 

270° 

10. 

Capricorn 

Makara 

Sea goat 

270°- 

300° 

11. 

Aquarius 

Kumbha 

Water carrier 

300°- 

330° 

12. 

Pisces 

Mina 

Fish 

330°- 

360° 

Note: 

The signs and rails shown in the first two columns of the table were 
equivalent when the first point of Aries (i.e. the vernal equinox) 
coincided with the first point of Mesa of the Indian system. 


4.2 Naksatra System 

The zodiac is divided into 27 equal parts called 
naksatras, this division has been followed from ancient times. Each 
naksatra is of 13°20' ( = 360°/27) extent. The naksatras ate calculated 
from the first point of Mesa, the starting point of the zodiac in the Indian 
system. Thus, the twelve nirayana rasis are equivalent to the twenty- 
seven naksatras in the zodiac so that each rasi, in its angular extent, is 
equivalent to two and a quarter naksatras. For example, the nirayana 
Mesa rasi constitutes two full naksatras, AsvinI and BharanI and a 
quarter ( pada ) of the naksatra, Krttika (see Table 4.3). 

Each naksatra is subdivided into 4 equal parts, each part being called 
a pada. Thus, totally 108 ( = 27 X 4) naksatra padas constitute the 
zodiac. These 108 padas are equally distributed into 12 rasis so that 
each rasi consists of 9 padas. 

The naksatras are also called “lunar mansions” since the Moon 
covers these 27 naksatras in the course of a sidereal month, i.e., the 
time taken by the Moon to complete a revolution around the Earth with 
respect to the fixed stars. The average length of a sidereal month is 
27.3217 days. 
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The following table (Table 4.2) gives the list of the 27 naksatras, in 
their natural order, and their angular extents. Each naksatra was named 
after the most prominently visible star (called yogatara or junction- 
star) contained within its range, given in Table 4.2. The yogataras with 
modern equivalents and their co-ordinates are listed in Table 4.3 
(reproduced from Lahins Ephemeris for 1995). 

The distribution of the padas (quarters) of the 27 naksatras into 
12 rasis is shown in Table 4.4. 


Table 4.2 Naksatras and their range of nirayana longitudes 


No. 

Naksatra 

From 

To 

1 . 

Aswini 

o 

o 

o 

13°20' 

2. 

Bharani 

13°20' 

26°40' 

3. 

Krttika 

26°40' 

40°00' 

4. 

RohinI 

40°00' 

53°20' 

5. 

Mrgasira 

53°20' 

66°40' 

6. 

Arudra 

66°40' 

80°00' 

7. 

Punarvasu 

80°00' 

93°20' 

8. 

Pusya 

93°20' 

106°40' 

9. 

Aslesa 

106°40' 

120°00' 

10. 

Makha (or Magha ) 

120°00' 

133°20' 

11. 

Pubba (Purva Phalguni) 

133°20' 

146°40' 

12. 

Uttara (Uttara Phalguni ) 

146°40' 

160°00' 

13. 

Hasta 

160°00' 

173°20' 

14. 

Citta (or Citra) 

173°20' 

186°40' 

15. 

Svatl 

186°40' 

200°00' 

16. 

Visakha 

200°00' 

213°20' 

17. 

Anuradha 

213°20' 

226°40' 

18. 

Jycstha 

226°40' 

240°00' 

19. 

Mula 

240°00' 

253°20' 

20. 

Purvasadha 

253°20' 

266°40' 

21. 

Uttarasadha 

266°40' 

280°00' 

22. 

Sr a van a 

280°00' 

293°20' 

23. 

Dhanistha 

293°20' 

306°40' 

24. 

Satabisaj 

306°40' 

320°00' 

25. 

Purvabhadra 

320°00' 

333°20' 

26. 

Uttarabhadra 

333°20' 

346°40' 

27. 

Revati 

346°40' 

360°00' 





Table 4.3 Mean places of stars for 1995.0 (i.e. on Jan. 0.822 UT = Jan. 0. 25h 14m 1ST) 

Note: Tropical or Sayana long. = Nirayaha long. +23°47'14". 1 viz. Mean Ayanamsa 
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Table 4.4 Distribution of Naksatra Padas into Rasis 


No. Nirayana Rasi 

Naksatra 

Padas included 

1. Mesa 

Aivini 

All 


Bharani 

All 


Krttika 

1 

2. Vrsabha 

Krttika 

2,3,4 


RohinI 

All 


Mrgasira 

1,2 

3. Mithuna 

Mrgasira 

3,4 


Arudra 

All 


Punarvasu 

1,2,3 

4. Karkataka 

Punarvasu 

4 


Pusya 

All 


ASlesa 

All 

5. Simha 

Makha 

All 


Pubba 

All 


Uttara 

1 

6. Kanya 

Uttara 

2,3,4 


Hasta 

All 


Citta ( Citra ) 

1,2 

1. Tula 

Citta (Citra) 

3,4 


Svati 

All 


Vi&akha 

1,2,3 

8. Vrscika 

Vi&akha 

4 


Anuradha 

All 


Jyestha 

All 

9. Dhanus 

Mula 

All 


Purvasadha 

All 


Uttarasadha 

1 

10. Makar a 

Uttarasadha 

2,3,4 


Sravana 

All 


Dhanistha 

1,2 

11. Kumbha 

Dhanistha 

3,4 


Satabhisaj 

All 


Purvabhadra 

1,2,3 

12. Mina 

Purvabhadra 

4 


Uttarabhadra 

All 


Revatl 

All 





5 


>T<. . 

1 ime in 


Indian Astronomy 


5.1 Introduction 

The concept of time {kala) is explained very 
systematically in Indian astronomy. It is significant that time has been 
considered both at the microcosmic and the macrocosmic levels. 
Depending on the needs of particular topics in astronomy, different 
scales and units of time are used. 

On the macrocosmic scale, the yuga system is evolved as a theore¬ 
tical model for describing motions of planets. On the microcosmic 
scale, as small a unit of time as truti ( '/mso of a second) has been 
mentioned by Bhaskara H. 

However, based on periodical natural observations such as the 
sunrise and sunset, new moon, full moon and seasons, a working scale 
of time—consisting of day, fortnight, month and year—has been used 
from early times. 


5.2 Civil Day and Sidereal Day 

We saw earlier, how, due to diurnal motion, the 
Sun rises in the eastern horizon, moves up in the sky westward and 
sets in the western horizon. Then, from the sunset to the next sunrise, 
it will be below the horizon during the night. The duration between 
two successive risings of the Sun is called a civil day (or savana dina). 
Observations of sunrise over a very long time has revealed that the 
duration of a day is not constant but varies from day to day although 
slightly. This average solar day or mean solar day is referred to as a mean 
civil day (or madhya savana dina). This savana dina is divided into 
60 equal parts called ghatikas or 24 equal parts called hora (hours). 

The time taken by the fixed stars to go around is called a sidereal 
dayinaksatra dina) -, it is equal to the period of the rotation of the Earth. 
The word “sidereal” is used as a reference to stars. It is important to 
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note that the time taken by the fixed stars to go round the Earth once is 
not the same as that taken by the Sun. While all the celestial bodies 
appear to move from east to west due to the diurnal motion, the Sun 
would have moved from west to east along the ecliptic by about 1°, 
relative to the stars. Therefore, the fixed stars take a little less than 
24 hours (mean civil day) to complete a rotation round the Earth. In 
other words, a sidereal day is slightly less than a mean civil day. As a 
natural consequence of this, if a particular star rises in the eastern 
horizon at a particular time today, it will rise about two hours earlier 
after 30 days, 4 hours earlier after 60 days, and so on. 

It is found that the stars take about 3 minutes and 56 seconds less 
than the Sun to go round the Earth once. In other words, 

1 civil day = 24 hours 
and 1 sidereal day = 23 h 56 m 4 s . 

5.3 Solar Year and Civil 
Calendar 

The time taken by the Sun to complete a revolution 
around the Earth, as observed from the Earth, is defined as a solar 
year. But then, depending on the points of reference chosen, we have 
different types of solar years. Here, we consider only two types of solar 
years, viz. the sidereal (or nirayana ) solar year and the tropical'io r 
sayana) solar year. 

A sidereal solar year is the time taken by the Sun to complete a 
revolution with reference to a fixed star. Careful observations carried 
out over a long time enabled the ancient Indian astronomers to 
determine the duration of a sidereal year as 365.256364 days (or 
365 days, 6 hours, 9 minutes, 9.8 seconds). Thus, we have the equation, 
1 sidereal year = 365.256364 days. 

On the other hand, the time taken by the Sun to complete a revolution 
along the ecliptic with reference to the vernal equinox T is called a 
tropical solar year (sayana sauravarsa). Now, 1 tropical year is equal 
to 365.242190 days (or 365 days, 5 hours, 48 minutes, 46 seconds). 
It is the tropical year that determines seasons. 
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While discussing the difference between a civil day and a sidereal 
day we observed that, while the Sun completes a diurnal revolution in 
a civil day, the fixed stars complete a little more than a full diurnal 
revolution in the same duration of time. After each revolution of the 
Sun, this extra-angular motion of the fixed stars keeps accumulating. 

After T mean solar days (or about 365.25 civil days), while the 
Sun would have made T revolutions, with reference to the fixed 
stars, the stars themselves will have completed (T+ 1), i.e., about 
366.25 revolutions around the Earth. In other words, approximately, 

T mean solar days = (7+1) sidereal days. 

Therefore, approximately 

1 sidereal day = 77(7+1) = 365.25 / 366.25 civil day 
= 365.25 X 24 / (366.25) hours 
i.e., 1 sidereal day = 23h 56m 4.1s 


5.4 Solar Month and Lunar 
Month 

The angular extent of the ecliptic is 360° and the 
Sun takes about 365.25 civil days to complete one revolution. A solar 
month is the time taken by the Sun to cover a rasi (of 30°) along the 
ecliptic. Since there are 12 rasis on the ecliptic, a solar month is equal 
to about 365.25 / 12 days. To be precise, we have 

1 mean sidereal solar month = 365.256364 / 12 days 

= 30.43803 days. 

The Moon, like the Sun, moves from west to east with reference to 
the fixed stars. The motion of the Moon is much faster than that of the 
Sun. The Moon moves along its own orbit, inclining towards the ecliptic 
at an angle of about 5°8'. Since this angle is small, the Moon can be 
considered as moving along the ecliptic itself. It is found that the 
Moon takes an average period of 27.3216615 days to complete a 
revolution with reference to the fixed stars. This time interval is called 
the sidereal period of the Moon, since the Moon takes this much time 
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to cover an angular extent of 360°, as its motion per day is given as 
360°/27.3216615, i.e. about 13°10\ In comparison to this, the Sun’s 
motion along the ecliptic, in the same direction, is about 1° per day. 
Thus, the Moon overtakes the Sun by about 12°10' per day. 

Now, if the Sun and the Moon are moving in the same direction, in 
which case their celestial longitude is the same, as seen from the 
Earth, the Moon is said to be “new” or it is called a new moon day. 
After 24 hours, the Moon will have moved ahead of the Sun by 
about 12°10'. This separation of the Moon from the Sun goes on 
increasing at the rate of 12°10' per day. When it becomes 360°, the 
Moon will again be in the same direction (“conjunction”) as the Sun, 
resulting in a new moon. It is found that the current average interval 
between two successive new moons is 29.530589 days (29d, 12h, 
44m, 2.9s). 

The interval between two successive new moons is called the synodic 
period of the Moon (“synodic” means successive conjunctions of the 
same bodies). This synodic period of the Moon is defined as a lunar 
month (candra masa). Thus, 

1 lunar month = 29.530589 days. 

In the course of a lunar month the Moon goes through a cycle of 
“phases” which are known as new, crescent, half, gibbous and full and 
then again in the reverse order, until it is new. 

We have noted earlier that the Moon has a sidereal period of 
27.3216615 days. The ecliptic is divided into 27 naksatras. Therefore, 
the Moon takes a little more than a civil day to cover the extent of a 
naksatra along the ecliptic. Starting from a new moon, the Moon gains 
about 12° per day over the Sun. The time taken by the Moon to cover 
exactly an amount of 12° relative to the Sun, is defined as a tithi. Thus, 
a lunar month has 30 tithis. The half-lunar month from a new moon to 
the succeeding full moon is called sukla paksa (bright fortnight) and 
the other half-lunar month from the full moon to the next new moon is 
a krsna paksa (dark fortnight). 

The lunar month is a natural unit for a month. It is also the interval 
between two successive full moons. It is important to note that the 
beginning and end of a lunar month are naturally marked by two 
successive new moons. 
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To summarize, we have the following special units of time which 
are defined by natural and observable occurrences with respect to the 
Sun and the Moon: 

Mean civil day of 24 hours or 60 ghatikas 

Sidereal day = 23h 56m 4.0s 

Sidereal period of the Moon = 27d 7h 43m 11,6s 
Lunar month = 29d 12h 44m 2.9s 
Sidereal solar year = 65d 6h 9m 9.8s 
Tropical solar year = 365d 5h 48m45.3s 

5.5 Luni-Solar Year 

(OR LUNAR YEAR) 

We saw in the earlier section that a lunar month 
is the period from one new moon to the next or from one full moon 
to the next. In our country, both the styles are followed. The lunar 
month reckoned from new moon to new moon is called amanta (or 
mukhyamana). The one from full moon to another full moon is referred 
to as purnimanta (or gaunamana). The lunar months are actually named 
after the corresponding solar months in which the initial new moon 
of the amanta lunar month occurs. A solar month is calculated from 
the entry into a rasi by the Sun ( sankranti ) to his entry into the next 
rasi. For example, if a new moon falls in the solar month of Caitra, 
then the amanta lunar month commencing from this new moon is also 
called Caitra. 

In the case of purnimanta lunar calendar, a lunar month of this system 
commences from the moment of the full moon exactly a paksa 
(fortnight) earlier than the initial new moon, from which time the amanta 
month of the same name commences. For example, the purnimanta 
month of Caitra commences a paksa earlier than the amanta month of 
Caitra. The krsna paksa (dark half) of a lunar month is also called vadi 
and the sukla paksa (bright fortnight) is known as sudi. 

The amanta calendar is followed for all purposes, namely, the 
counting of days for civil activities, festivals, religious functions, etc. in 
the states of Karnataka, Andhra Pradesh and Maharashtra. The lunar 
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(orluni-solar) year in this system commences with Caitra sukla pratipat, 
following amavasya. In Gujarat also, an amanta calendar is followed 
but the lunar year starts after the Diwali new moon. That is, the Gujarati 
lunar year commences with sukla pratipat of the Kartika month and 
hence it is called Kartikadi. In Kutch and some parts of Saurashtra, the 
lunar year commences with the sukla pratipat of the Asadha month. In 
the states of Tripura, Assam, Bengal, Tamil Nadu and Kerala, the solar 
calendar is followed for dates and civil purposes, while the lunar 
calendar is used for festivals and religious purposes. 

The purnimanta lunar year is widely used in Bihar, Uttar Pradesh, 
Madhya Pradesh, Rajasthan, Haryana and Kashmir. But, in Orissa and 
Punjab though the solar calendar is generally followed, the lunar 
calendar used is purnimanta. 

An interesting feature of the purnimanta calendar is that, although 
the first month of the lunar year, viz. Caitra, starts from the full moon, 
a paksa prior to the new moon (from which the amanta Caitra as well 
as the lunar year commences), the actual new year commences at 
the same time as the amanta new year. This means that the first half 
of the purnimanta Caitra, which is vadi or krsna paksa goes to the 
previous lunar year, while the second half of the purnimanta Caitra, 
which is sudi or sukla paksa belongs to the new lunar year. Thus, the 
purnimanta new lunar year starts from the middle of the purnimanta 
Caitra month. 


Table 5.1 Lunar months in a Luni-solar year 


SI. No. 

Lunar month 

1 . 

Caitra 

2. 

Vaisakha 

3. 

Jyestha 

4. 

Asadha 

5. 

Sravana 

6. 

Bhadrapada 

7. 

Asvina (Asvayuja) 

8. 

KSrtika 

9. 

Agrahayana ( Margasirsa ) 

10. 

Pausa ( Pusya ) 

11 . 

Mag ha 

12. 

Phalguna 
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As pointed out earlier, the duration of a lunar month (mean) is 
29.530589. How the lunar (or luni-solar) year is linked to the solar 
year, will be discussed in the next section. 

5.6 AdhikamAsa and Ksayamasa 

We saw that a lunar month, the interval between 
two successive new moons or full moons, is equal to 29.530589 days. 
Therefore, a lunar year, consisting of 12 such lunar months, has 12 X 
29.530589 = 354.36706 days. But, the mean length of a (sidereal) 
solar year is 365.25636 days. The difference between a solar year and 
a lunar year, therefore, is obtained by 

365.25636-354.36706 = 10.8893 days. 

The tropical solar year is a natural unit in the sense that the seasons 
are determined on the basis of the tropical solar year. However, in 
India, the sidereal solar year is used. A lunar month is also natural, in 
fact more so, since the lunations (new moon and full moon) can be 
directly observed. Therefore, it will be very useful and natural if the 
solar year is “coupled” with the lunar year (of 12 lunar months). This 
is done in a very systematic and natural way (unlike the leap-year of 
the Roman calendar). 

In our country, both sidereal solar and lunar years are used for 
religious as well as civil purposes. We found that a lunar year falls short 
of a solar year by about 10.8893 days. When this difference adds up to 
a full lunar month, an extra month (called adhikamasa ) is added to that 
particular lunar year. 

A normal lunar year consists of 12 lunar months and a duration of 
354 or 355 days. The beginning of the lunar year is at the instant of the 
new moon (i.e., final moment of amavasya of the previous lunar 
month) occurring in the course of the solar Caitra (i.e., when the Sun 
is in Mina rasi). This lunar month is also called Caitra. However, this 
is not the practice in Tamil Nadu. The second month of the lunar 
calendar, viz. Vaisakha, starts at the following new moon and so on. In 
Fig. 5.1, JV 0 , N,, N 2 , etc., refer to new moons. 
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In the case of a normal lunar year, in every (lunar) month there is a 
(sidereal) solar ingress (sahkramana or sahkranti ) as shown in Fig. 5.1. 
In Tamil Nadu the names of the solar months are Mina or Phalguna, 
Mesa or Caitra, etc. 

But, sometimes it may happen that a lunar month falls completely 
within the period of the corresponding solar month. In that case, during 
that lunar month, there is no sahkramana or entry of the Sun into the 
next rasi. Such a lunar month is considered as a adhikamasa (intercalary 
or extra month). During an adhikamasa, usually, no Hindu religious 
ceremony is performed. A lunar year in which there is an adhikamasa 
will have 13 months and 383 or 384 days. An example of the occurrence 
of an adhikamasa is illustrated in Fig. 5.2. This refers to the Salivahana 
saka year 1913 completed (i.e., the year 1991-92 ad). 
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Figure 5.2 A lunar year of 13 months 

An adhikamasa occurs after 33 months, and a particular month 
becomes an adhikamasa generally once in 19 years. It is found that the 
lunar month of Magha never becomes an adhikamasa. Generally, an 
adhikamasa occurs between the months of Phalguna and Asvina. 

If, in the course of a lunar month, there are two sahkrantis, then that 
lunar month is considered as a ksayamasa (deletory month) which occurs 
rather rarely. In fact, generally a ksyamasa occurs once in 141 years, 
although once in a way it may occur after 19 years. A ksayamasa occurs 
in one of the three lunar months - Kartika, Mrgasira or Pusya. This is 
so, because there is a possibility of two sahkrantis in these particular 
lunar months due to the faster motion of the Sun during that period (the 
Sun will be around its perigee) and hence the solar months could be 
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very slightly less than the corresponding lunar month. A month which 
is a ksayamasa is not counted by its name at all. A lunar year in which 
there is a ksayamasa will have two adhikamasas, one preceding it and 
another succeeding it. 

REMARKS 

We mentioned earlier that a ksayamasa occurs generally once in 
141 years although it may occur, once in a way, in every 19 years. 
Bhaskara II in his Siddhantasiromani mentions that a ksayamasa may 
occur in 19or 122 or 141 years. The rationale appears to be as follows. 

According to Bhaskara, 5311 adhikamasas occur in 14,400 solar 
years. Now, converting 14400 / 5311 into a continued fraction, we get 

14400 _ _L_L_L_LJ__L_L_L_L 

5311 2 +1 +2 +2 +6 +1 +1 +7 +8 +2 

The successive “convergents” of this continued fraction are 

2/1, 3/1, 8/3, 19/7, 122/55, 141/62. 

The interval between a new moon and the next sahkranti (solar 
ingress into a rasi ) is called a suddhi. It is the interval gained by the 
candramana over the sauramana. The significance of the convergents 
19/7, 122/55 and 141/62 is that in 19 years, 122 years and 141 years 
there are respectively 7,55 and 62 adhikamasas. Therefore, if there is 
a suddhi of a certain number of days in a particular year, the same 
suddhi will repeat in durations of 19 years, 122 years and 141 years. 
This is responsible for the occurrence of a ksayamasa once in 19,122 
and 141 years. 

Seasons 

Actually, the importance of the tropical solar year lies in its being 
naturally related to seasons which repeat periodically once a year. 

We mark the beginning of a season by the position of the Sun. In the 
temperate zone, the spring season begins when the Sun crosses the 
celestial equator going northward and crossing the vernal equinox T 
(March 22). The second season, summer, begins when the Sun reaches 
its northernmost point in its annual journey, called the summer solstice 
(June 22). The next season, autumn, begins when the Sun crosses the 
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celestial equator again, in its southward course at the autumnal equinox 
^ (Sept. 23). The fourth and the last season, winter, commences when 
the Sun is at the winter solstice (Dec. 22). 

During the spring season, from March 22 to June 22, after the end 
of the earlier cold period, there is more sunshine and light; days grow 
longer and trees bloom. 

From June 22 to September 23, during the summer, the days become 
hotter. This is a season of agricultural activity. 

Then the days become gradually shorter and cooler and the trees 
shed their leaves during the autumn (Sept. 23 to Dec. 22). 

Finally, in winter (Dec. 22 to Mar. 22), the days are short and cold. 

The above description of the seasons and their periods in the course 
of a (tropical) solar year refers to the Earth’s northern hemisphere. 
On the other hand, for places in the southern hemisphere, the seasons 
and their effects will be in the reverse order. For example, when it is 
summer in the northern hemisphere, it will be winter in the southern 
hemisphere. 

However, this division of seasons is not suitable for India which has 
a tropical climate. The Indian system recognises three main seasons of 
hot, rainy and cold which are further subdivided. 

The rtus (seasons) start with sisira at the winter solstice and cover 
two months each. The six rtus are as follows: 


Season Description Period (approximately) 


1. Vasanta 

2. Grlsma 

3. Varsa 

4. Sarat 

5. Hemanta 

6. Sisira 


Spring 

Summer 

Rainy 

Autumn 

Dewy or snowy 

Cold 


Feb. 19 to Apr. 19 
Apr. 20 to June 20 
June 21 to Aug. 22 
Aug. 23 to Oct. 23 
Oct. 24 to Dec. 21 
Dec. 22 to Feb. 18 


However, as noted earlier, it is the tropical year, and not the sidereal, 
which determines seasons. 

The dates of the beginning and end of each season given are approx¬ 
imate and valid for the current period (say about a century). Due to the 
precession of the equinoxes, these dates gradually change over a long 
period. However, if the sidereal solar months are considered, which is 
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not correct, then the commencement and end of the seasons are fixed 
with reference to these months. 

For example, the Taittiriya Samhita gives the names of the solar 
months connected with the different seasons as follows: 


Season 

Solar Months 
(Vedic) 

1. Vasanta 

Madhu 

Madhava 

2. Grlsma 

Sukra 

Suci 

3. Varsa 

Nabhas 

Nabhasya 

5. Hemanta 

Sahas 


Sahasya 

4. Sarat 

Isa 

Urja 

6. Sisira 

Tapas 

Tapasya 


5.8 Yuga System 

As mentioned at the beginning of this chapter, on 
the macrocosmic scale of time, the yuga system has evolved in Indian 
astronomy. Many important elements of the planets and other 
parameters are given in terms of the number of revolutions in the course 
of a long period of time called yuga. 

While in the Vedangajyotisa the word yuga was used to mean a 
period of 5 years, in later works the word meant a large period of time. 
So far as Indian astronomy is concerned, the yugas of large period of 
time have been used to indicate the rate of motion of the planets and 
other important points of astronomical significance. This technique 
enabled them to express these constants as integers, though very large, 
thus avoiding the inconvenient fractions. 

One Mahayuga of 43,20,000 years comprises four yugas (or 
yugapadas), viz., Krta, Treta, Dvapara and Kali. Aryabhata took them 
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all to be of equal duration, 10,80,000 years each. But all other as¬ 
tronomers, except Lalla and Vatesvara, have adopted the system of 
four yugas which have their durations in the ratio of 4:3:2:1. Thus, 

Krtayuga : 17,28,000 years 
Tretayuga : 12,96,000 years 
Dvaparayuga : 8,64,000 years 

Kaliyuga : 4,32,000 years 

Total period of a Mahayuga : 43,20,000 years 

Note that a Mahayuga is ten times a Kaliyuga. 

1 Manvantara =71 Mahayugas — 30,67,20,000 years 

14 Manvantaras = 14 X 306 7 2 X 10 4 = 4.2 94 X 10 9 years 

Between two successive manvantaras, there is a sandhya period 
equal to the duration of a Krtayuga. For the fourteen manvantaras, 
there are 15 sandhyas (including one before the first manvantara and 
one after the last). 

A kalpa is formed by the fourteen manvantaras along with their 
sandhyas, so that 

1 kalpa = (14 X 30,67,20,000) + (15 X 17,28,000) 

= 432 X 10 7 years. 

Thus, a kalpa is one thousand times a Mahayuga. 

At present, we are under what is called Svetavaraha kalpa in which 
six manvantaras have already elapsed and we are now in the seventh 
one called Vaivasvata manvantara. In this manvantara, 27 Mahayugas 
have elapsed and we are now in the 28 lh Mahayuga. Again, in this 
running Mahayuga, the first three yugas, viz., Krta, Treta and Dvapara 
are over. The fourth, Kaliyuga, is currently running. Astronomers are 
agreed on the point that the present Kaliyuga commenced at midnight 
between the 17 th and 18 th February 3102 bc (by the Julian reckoning). 
For the year 1992 ad, 5093 years have elapsed and the actual number 
of days (called kali ahargana) as on the midnight of January 1-2, 1992 
is 18,60,158. 

The Indian astronomical siddhantas assumed that at the com¬ 
mencement of the kalpa, all the planets including Ketu were in 
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conjunction (i.e., at the same celestial longitude) at the first point of 
Aries, and the ascending node ( Rahu) of the Moon was 180° away, 
i.e., at the first point of Libra. 

As pointed out earlier, the yuga theory has been adopted by Indian 
astronomers to express the mean motions of planets and other 
important geometrical points fairly accurately. These details will be 
discussed in a subsequent chapter. 

5.9 Indian Eras 

An “era” is important in preparing calendars 
which are used for civil purposes as well as official, religious, historical 
and chronological records and events. 

Among several different eras in use, the most popular ones are the 
Kali, Vikrama saka, Salivahana saka and Kollam, besides the Hejira 
era used by Muslims. We will describe these important eras one by 
one. In any era that is adopted, there will be a starting point, called an 
epoch, from which day, for future periods, years, months and days 
are counted. For example in the Christian era, which we have been 
following currently for civil purposes, years and dates are counted from 
a reference day about 1999 years ago. The reference day of an era 
might be an historical event like the coronation of a famous king or 
the birth of a great personality or an astronomical event of significance. 

1. KALI ERA 

In Indian astronomical texts, generally, this era is adopted. As pointed 
out earlier, the Kaliyuga is supposed to have commenced from the 
midnight between 17 lh and 18 !h of February, 3102 BC (Julian), the day 
following the midnight being a Friday. Actually, an astronomical refer¬ 
ence to the Kali era is available in the famous text Aryabhatiyam 
composed by the renowned astronomer and mathematician, 
Aryabhata I (476 ad). He says that he was 23 years old when 3600 years 
had elapsed in the Kaliyuga. That year corresponds to 499 AD, when 
the celebrated astronomer composed his immortal text. It has been 
inferred that this era was used long before Aryabhata I, although earlier 
records to that effect are yet to be discovered. 

The Kali era has an advantage over later eras for the simple reason 
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that it covers the antiquity of our Indian civilization adequately which 
other eras cannot, since those were started later. However, for the 
recording of contemporary events many others eras were adopted. 

The beginning of Kaliyuga is characterized by the end of the 
Mahabharata war (Aryabhata refers to the end of Dvaparayuga as 
Bbaratat purvam ) and also the demise of Sri Krsna, according to the 
Puranas. 

2. VIKRAMA SAKA 

This era is widely used in most states of north-west India which follow 
the purnimanta lunar calendar (i.e, lunar rrtonth ranging from one full 
moon to the succeeding full moon). This era is used in Gujarat also, 
although the amanta (new moon to new moon) lunar month is followed, 
but the lunar year starting from the Diwali new moon is also taken into 
account. The starting epoch of the Vikrama saka is 58 BC, but the source 
of its origin is not precisely known. The popular belief is that the era 
was started by King Vikramaditya of Ujjayin! to commemorate his 
victory over the Sakas or Scythians; but inscriptional or other evidence 
for this is not available. Actually this era was associated with the Malavas 
and, hence, it was known as the Malava era for a very long time, from 
the early 5th century ad. Earlier it was also called the Krta era, but 
we do not know why it was called so. It is also argued that this era was 
started by the Gupta Emperor, Candragupta II, who defeated the-Sakas. 
But we are yet to arrive at a consensus on many issues of importance 
concerning Indian chronology. 

3. SAlivAhana Saka 

This era starts from 78 ad and is very widely used for both solar and 
lunar calendars. Like the Vikrama era, the origin of the Saka era is not 
well understood. One theory is that the Kusana emperor, Kanishka, 
the king who came after Asoka, started this era from the date of his 
accession. It is opined by some that Kanishka used the old Saka era 
omitting 200 years; this opinion presumes that there was a Saka era 
200 years earlier. However, the date of Kanishka’s reign is quite 
uncertain. And, in fact, no Indian text makes any reference to support 
this theory. 
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4. KOLLAMERA 

This era is in use in Kerala and its origin is again not clear. This era is 
sometimes referred to as the Parasurama era and the belief is that the 
Kollam era came into practice by omitting thousands of years from the 
earlier extant Parasurama era. The year in the Kollam era starts from 
the entry of the Sun into Simha rasi ; the era started from 824 ad. 

5. HEJIRA ERA 

The Hejira era is followed by the Muslims. The era starts from 622 ad 
and is based on lunar calculations. The year begins with Muharram. 

This era of the Mohammedan calendar, probably introduced by the 
Caliph Umar about 638-39 ad, started from the evening of July 15, 
622 ad, Thursday (giving rise to Friday, commencing that evening) 
when the crescent Moon of Muharram was first visible. This was the new 
year day preceding the emigration of Prophet Muhammad from Mecca. 

Many other eras have been in use, like Saptarsi, Yudhisthira, Buddha 
nirvana, Mahavira nirvana, Bengali San, Laksmanasena, Tarikh Uahi 
(starting from 1555 ad, introduced by King Akbar), etc. 


5.10 Time on a Microcosmic 
Scale 


In the course of a day, to fix actual muhurta (auspi¬ 
cious time) for rites and rituals and marriages and also for routine civil 
activities, smaller units of time are needed. In Indian astronomy, according 
to the Suryasiddhanta, the measurement of time on the micro-scale 
starts with prana (or asu). The length of a prana (inhalation or exhala¬ 
tion) is defined as the time taken for pronouncing 10 long syllables 
(gurvaksara). It is also the time taken to inhale by a person in normal 
health. The table of time-units used in the course of a day is given below: 


10 guruaksara = 
6 pranas = 

60 vinadl = 

60 nadls = 


1 prana (asu, about 4 seconds) 
1 vinadl 
1 nadi 
1 day 


A nadi is also referred to as a nadika or a ghatika. 
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There are also other units of time. In the Puranic tradition, we have 

15 nimesas = 1 kastha 
30 kasthas = 1 kala 
30 kalas = 1 muhurta 
30 muhurtas = 1 day 

Here, one nimesa means ‘in the twinkling of an eye’. 

Bhaskara II (1114 ad), in his Siddhantasiromani, provides another 
table: 


100 truti = 1 tatpara 
30 tatparas = 1 nimesa 
18 nimesas = 1 kastha 
30 kasthas = 1 kala 
30 kalas = 1 ghatika 
2 ghatikas = 1 ksana 
30 ksanas = 1 dina 


It is interesting to note that the smallest unit of time truti, given by 
Bhaskara II, is 2916000000 ,h of a day. In terms of our modern unit of 
time, viz., seconds, it is 


1 truti = 


1 

33750 


second. 


Furthermore, Bhaskara II explicitly mentioned that the day taken 
for division into 60 ghatikas (or nadikas ) is the sidereal day (naksatra 
dina) which is of the duration of 23h, 56m, 4s and not 24 hours. Thus, 
a ghatika (or nadika ) is a little less than 24 minutes. 
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6.1 Introduction 

A certain “calendar” system is necessary to keep 
a record of day-to-day activities as well as special events and natural 
occurrences. Broadly speaking, a calendar is used to identify a particular 
day as belonging to a particular month of a particular year. While the 
particular day is identified with a date of the said month and year, the 
calendar should specify the weekday on which the given date falls. 
Obviously, there ought to be no confusions and contradictions in a well 
thought out calendar system. In different societies, depending on their 
requirements and practices - religious, social and civil as also on the 
levels of their computational accomplishments - different calendar 
systems have been evolved. These calendar systems are essentially 
based on the solar year, either tropical or sidereal, or lunar (or luni- 
solar) year and lunations, i.e., the new moon and the full moon. 

The basis of the Roman calendar - also popularly referred to as the 
Christian calendar - is the tropical solar year. As pointed out earlier, 
for an observer on the Earth, the time taken by the Sun to complete a 
revolution along the ecliptic with reference to the vernal equinox (the 
first point of Aries) is one tropical year (sayana saura varsa). Its average 
duration is 365.24219 days. But, for civil use it is convenient to have a 
whole number of days in a year and hence a civil year is considered 
normally as consisting of 365 days. Now, in order to account for the 
residual part, 0.24219 th day, Julius Caesar added one extra day once 
in four years. That year of the extra day is called a leap year consisting 
of 366 days. 

Since a year has 12 months, the total number of days of the year are 
distributed among them. Some months have 30 days and the others 
31 days. Julius Caesar is said to have a particular month privileged with 
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31 days and named July in his own honour. However, his successor, 
Emperor Augustus, named the month succeeding July as August, 
after himself, and endowed it with 31 days again. Due to this special 
arrangement of having 31 days in two successive months, February is 
impoverished and has only 28 days in the ordinary years and 29 days 
in leap years. This calendar is referred to as the Julian Calendar. 

6.2 Gregorian Calendar 

With the introduction of the Julian Calendar, the 
difference between a civil year and the natural tropical year was reduced 
to a great extent. But still, it amounted to an excess of 0.00781 th of a 
day (i.e., 11 minutes, 15 seconds) over the tropical year. In the course 
of a 100 years, this difference accumulates to 0.781 th of a day. 

The religious head of the Roman Catholic Church as that time. Pope 
Gregory XIU (1572-1585 ad), introduced a further change in the 
Roman Calendar to compensate for this excess. By the latter part of 
the 16th century, the excess in the civil year had accumulated to about 
10 days. 

The following changes were introduced in the new style (N.S.) 
calendar, now popularly called the Gregorian Calendar, with effect from 
1582 ad: 

1) The day succeeding October 4, 1582, Thursday, would be 
considered as October 15, 1582, Friday. In other words, October 
5 was changed to October 15, thus shedding the extra 10 days. 

2) As in the Julian Calendar, there would be a leap year once in 
four years; in the leap year, an extra day is added to February. 
Ordinarily, if a year of the Christian era is divisible by 4, then that 
year is a leap-year with some exceptions. 

3) The century years, viz., 1600,1700, etc., will be leap-years only 
if they are divisible by 400 (and not just by 4). Thus, while 1600 ad 
and 2000 ad are leap-years, the century years, 1700, 1800 and 
1900 AD are not leap-years. 

After the introduction of the Gregorian Calendar, the difference 
between a civil year and a tropical solar year was reduced to just about 
0.1216 th of a day (i.e., 2 hours, 55 minutes, 6 seconds) in the course 
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of 400 years. This small difference adds up to a full day in the course 
of about 3300 years. After that many years, a day will have to be 
dropped from the civil calendar. 

6.3 Hindu Calendar 

The Indian calendar has evolved over thousands 
of years since the Vedic times. In the course of the developments of 
Indian astronomy through its different phases and periods — Vedic, 
Vedangajyotisa and Siddhantic - the Hindu calendar has continuously 
undergone refinements. There are essentially two systems followed in 
the Indian calendar, viz. luni-solar and purely solar. We shall briefly 
consider these two systems that are in use. 

(i) LUNI-SOLAR CALENDAR 

As pointed out earlier, the amanta system, in which the lunar month 
commences with an amavasya and ends with the succeeding one, is 
generally followed in Karnataka, Andhra Pradesh, Maharashtra and 
Gujarat. On the other hand, in the purnimanta system, the lunar month 
begins with one full moon and ends with the next full moon. This system 
is followed in most of the north Indian states. 

In the amanta system, the luni-solar (or lunar) year starts with Caitra 
sukla pratipat and ends with Phalguna krsna amavasya. On the other 
hand, in the purnimanta system, while lunar year again starts with Caitra 
sukla pratipat as in the case of the amanta system, the first lunar month 
Caitra itself will have commenced a fortnight earlier. In other words, 
the first half of the purnimanta Caitra coincides with the second half of 
Phalguna of the amanta system. 

Each lunar year is called a samvatsara. A cycle of 60 samvatsaras 
is followed. This cycle is five times the Jovian cycle (or Barhaspatya 
cycle) of 12 years. The names of the sixty samvatsaras are given in the 
Table 6.1. 

The lunar new year commences with the Candramana Yugadi, the 
first day of the ( amanta ) Caitra which follows the new moon just 
preceding the Mesa sahkramana (i.e., before about April 14). For 
example, in 1993, the Candramana Yugadi falls on March 24, 
Wednesday, when the lunar new year commences. This first day of 
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Table 6.1 Names of Samvatsaras 


No. Samvatsaia 

1 . Prabhava 

2. Vibhava 

3. Sukla 

4. Pramoda 

5. Prajapati 

6. Anglrasa 

7. Snmukha 

8. Bhava 

9. Yuvan 

10. Dhatri 

11 . Uvara 

12. Bahudhanya 

13. Pramathin 

14. Vikrama 

15. Vrsa 

16. Citrabhanu 

17. Subhanu 

18. Tarana 

19. Parthiva 

20. Vyaya 


No. Samvatsara 

21. Sarvajit 

22. Sarvadharin 

23. Virodhin 

24. Vikrta 

25. Khara 

26. Nandana 

27. Vi jay a 

28. Jay a 

29. Manmatha 

30. Durmukha 

31. Hemalamba 

32. Vilamba 

33. Vikarin 

34. Sarvari 

35. Plava 

36. Subhakrt 

37. Sobhana 

38. Krodhin 

39. Visvavasu 

40. Parabhava 


No. Samvatsara 

41. Plavahga 

42. Kilaka 

43. Saumya 

44. Sadharana 

45. Virodhakrt 

46. Paridhavin 

47. Pramadin 

48. Ananda 

49. Raksasa 

50. Anala (Nala) 

51. Piiigala 

52. Kalayukta 

53. Siddharthin 

54. Raudra 

55. Durmati 

56. Dundubhi 

57. RudhirodgSrin 

58. Raktaksi 

59. Krodhana 

60. Ksaya {Aksaya) 


the Caitra month immediately follows the new moon preceding the 
Mesa Sahkranti which falls on April 13, 1993. In fact, this lunar year 
(1993—94) corresponds to the Srimukha samvatsara and Salivahana 
saka year 1915 elapsed. In the Kali era, the new lunar year corresponds 
to the year 5094 elapsed. 

We can use the following conversion formulae to obtain the cor¬ 
responding equivalents to a given year of the (Christian) Gregorian 
calendar. If Yis the Gregorian year in which the (amanta) lunar Caitra 
falls, then 

(i) The corresponding Kali year (elapsed) is obtained by 
Kali = y+3101 

eg. for y = 1993 (i.e., lunar year 1993-94). 

Kali = 1993+3101 = 5094 (elapsed) 
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(ii) The Salivahana saka year is obtained by 

Saka = y-78 

eg. for Y = 1993, Saka\ 1993-78 = 1915 (elapsed). 

(iii) The samvatsara number, Sam, is obtained by 

Sam = Remainder after dividing (y-1926) by 60. 

Then, the name of the samvatsara is obtained from Table 6.1 
corresponding to the number Sam, thus obtained, 
e.g. For y = 1993, we have 

Sam = Remainder after dividing (1993-1926) by 60 

i.e., 67 by 60 which is 7. From Table 6.1, for Sam = 7, we get the 
name of the samvatsara as Srimukha. 

Example: Find the Kali year, Saka year and the samvatsara for the 
year 1944 (i.e., lunar year 1944-45). 

We have Y = 1944. Therefore, 

(i) Kali year = y+3101 = 1944+3101 = 5045 (elapsed) 

(ii) Saka year = T-78 = 1944-78 = 1866 (elapsed) 

(iii) y-1926 = 1944 - 1926 = 18 = 5am. 

From Table 6.1, Sam = 18 corresponds to Tarana. 

Note: The Gregorian year starts on January 1 while the Indian year 
starts in March/April. This fact has to be taken into consideration while 
determining the years elapsed in any of the Indian eras. 

(ii) SOLAR CALENDAR 

Among the Hindus a purely solar calendar is also used. The solar 
(sidereal) year is the time taken by the Sun to go round the ecliptic 
once with reference to the fixed stars. The solar year starts when the 
Sun enters the constellation Mesa, i.e., with the Mesa sankramana (or 
solar ingress into Mesa). In the current period it is around April 14 (or 
13 or 15). The solar year is divided into 12 solar months. The length of 
any particular solar month is the duration of the stay of the Sun in that 
particular rasi (of 30° extent) of the zodiac. Some solar months are 
longer and some shorter, since the Sun moves faster near its perigee 
and slower near the apogee. 
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The solar months are named after the rasis the Sun occupies during 
these months, as Mesa, Vrsabha, etc. But, more popularly, the names 
of the solar months are the same as those of the lunar months, viz., 
Caitra, Vaisakha, etc. These names are prefixed as “ saura ’ to distinguish 
them from the lunar. The solar year commences with saura Vaisakha 
around April 14 and ends with saura Caitra. The names of the solar months 
are ambiguous, followed differently in the different regions of India. 
Therefore, it is better to name them after rasis occupied by the Sun. 

(iii) HINDU FESTIVALS 

Most of the Hindu festivals are based on the luni-solar (or lunar) 
calendar. Each of these falls on a particular tithi of a specified paksa in 
a particular lunar month. The lunar new year’s day — called Candramana 
Yugadi — falls on sukla pratipat of the ( amanta ) Caitra month. $Rl 
RAMANAVAMl is celebrated eight days later, i.e., on sukla navami of 
the same Caitra month. Similarly, $Rl KRSNA JANMAStamI falls on 
astaml of the krsna paksa in the month of ( amanta ) lunar Sravana. 

GANESa CATURTHI when Lord Ganesa or Vinayaka is worshipped 
coincides with sukla caturthl of the Bhadrapada month. MAHALAYA 
AMAvASYA falls on ( amanta ) Bhadrapada amavasya, i.e., on the last 
of the month in which Ganesa caturthl falls. The ten days following 
the Mahalaya amavasya are celebrated as DASARA (or “DUSSEHRA”) 
from Asvayuja sukla pratipat to dasaml. In Bengal this period is cele¬ 
brated as DURGA POjA. The DASARA procession of Mysore celebrating 
the slaying of Mahisasura by the goddess Camundesvari is very famous. 

The tenth day of the DASARA period is celebrated as VIJAYADASamI. 
In North India it is observed as RAMLlLA to celebrate Sri Rama's killing 
Ravana. On this occasion, huge figures of Ravana, Kumbhakarna and 
Meghanada are erected in public places and then set on fire using fire¬ 
works—to symbolize the destruction of evil and the triumph of the good. 

DIWALI (or DiPAVALl) is a major festival celebrated throughout the 
country. Generally this festival is held for two days— Naraka caturdasl 
and Dlpavali (amavasya) on the following day—which fall on ( amanta ) 
Asvayuja krsna caturdasland amavasya. DIWALI is popularly known as 
the festival of lights. 

MAHASivarATRI is an important day observed by Saivites, which 
falls on amanta Magha krsna caturdasl 
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HOLI (or HOLIKA DAHANA) festival is held on Phalguna purnima, a 
fortnight prior to the YUGADI of the next lunar year. HOLI is a popular 
festival in North India; it is a celebration of colours. 

Besides these major festivals, there are many others which are also 
based on the lunar calendar. 

But there are also a few Hindu festivals which are based purely on 
the (sidereal) solar calendar. The beginning of the solar new year—the 
first day of the saura Vaisakha —is celebrated as the New Year’s day 
in Assam, Bengal, Orissa, Tamil Nadu and Kerala. This is the day that 
the Sun enters into Mesa rasi, and therefore the month is also called 
Mesa masa. However, in Tamil Nadu and Kerala the first solar month 
is called Caitra. 

The beginning of the tenth month of the solar year, namely saura 
Magha, is celebrated as Makara Sankranti throughout the country. This 
festival is popular in Tamil Nadu and Kerala as PONGAL, and as MAGHA 
BIHU in Assam. 

There are also a few festivals which depend on the Moon’s position 
relative to the stars. ON AM is celebrated in Kerala when the Moon is in 
Sravana naksatra in saura Bhadrapada. These days, usually, the solar 
Bhadrapada month runs from August 17 to September 16. During this 
period, the day when the Moon is in Sravana naksatra, is observed as 
ONAM. Forexample, in 1993, Onamfalls on August 30, Monday. Onam 
is referred to as TIRU ONAM also. In Kerala, Onam is a harvest festival 
celebrated with flowers and graceful dances by the womenfolk. 

Among a section of the Hindus, $rl Krsna’s birthday is celebrated 
when the Moon is in Rohininaksatra in the saura Bhadrapada month. 
As noted earlier, the saura Bhadrapada extends from August 17 to 
September 16. During this period, §Rl KRSNA JAYANTl is celebrated on 
the day of Rohini naksatra. For example, this day falls on September 
8, Wednesday, in 1993. Generally, it occurs on amanta Sravan Krsna 
astaml or equivalently on paurnimanta Bhadrapada Krsna astaml. 

6.4 Islamic Calendar 

The Islamic (or Mohammedan) calendar is purely 
lunar and is not related to the solar calendar. The year consists of 
12 lunar months. The beginning of each month is determined by the 
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observation of the crescent moon in the evening sky. Therefore, in an 
Islamic year of 354 (or 355) days, each month has 29 or 30 days. 

As pointed out earlier, the era of the Islamic calendar viz., the Hejira 
(A.H.) started from the evening of July 15, 622 ad when the crescent 
moon (following the new moon) of the first month, Muharram, was 
first visible. This was the new year day before the emigration of Prophet 
Muhammad from Mecca which was on September 20, 622 ad. 

The twelve lunar months of the Islamic calendar and their fixed 
number of days are listed below: 


1. Muharram 

30 

7. Rajab 

30 

2. Safar 

29 

8. Shaban 

29 

3. Rabi-ulawwal 

30 

9. Ramadan 

30 

4. Rabi-ussani 

29 

10. Shawal 

29 

5. Jamada’ lawwal 

30 

11. Zilkada 

30 

6. Jamad-ussani 

29 

12. Zilhijja 

29 (or 30) 


- The leap-year, in which the last month Zilhijja has one day more 
(i.e., 30 days), contains 355 days and is known as Kabishah. In a cycle 
of 30 years, there are 19 common years of 354 days and 11 leap-years 
of 355 days. 

The rule for determining a leap-year is as follows: if after dividing 
the Hejira year by 30, the remainder is 2,5,7,10,13,16,18,21,24,26 
or 29, then it is a leap-year. 

6.5 The Indian Calendar and 
Pancanga 

In India, for a long time, both solar and lunar 
calendars have been used for calendrical purposes. We have already 
seen that the lunar month is a natural unit of time and that it is the 
interval between two successive new moons (or full moons). A lunar 
year consisting of about 354 days is pegged on to the solar year of 
about 365 days, by introducing the adhikamasas (intercalary months) 
in a natural way based on the absence of a sahkranti in a lunar month. 

Then a lunar month, during which there are waxing and waning 
phases of the Moon, is divided into two equal halves called sukla paksa 
and krsna paksa. During the sukla paksa (bright half), the phases of the 
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Moon increase from new to full through the crescent, half and gibbous 
phases. Then, in the krsna paksa (dark half), the Moon wanes from full 
to new in the reverse order. In a paksa, there are 15 days. Each vara 
(week) has 7 days which are named as Ravivara, Somavara, etc. after 
the planets. The year in a calendar is identified by the number of years 
elapsed since the beginning of the ongoing era like Kali or $aka. 

6.6 What is the Pancanga ? 

In a traditional Hindu household the annual 
pancanga is indispensable. A Hindu uses the pancanga for all his 
religious observances and also for ascertaining the dates of impor¬ 
tant religious festivals like GANESa CATURTHI, SrI rAMANAVAMI, 
Sri KRSNA AST AMI, YUGADI as well as special days like ekadasi, dvadasi, 
amavasya and purnima. 

As the word indicates, the pancanga consists of five parts ( pancanga ), 
viz., 

(i) Tithi 

(ii) Naksatra 

(iii) Vara 

(iv) Yoga and 

(v) Karana. 

In addition to the details about the above five parts, the pancanga 
also contains a good deal of information which is of relevance in 
astrological, religious, social fields and also for predicting planetary 
positions, sunrise and sunset timings. 

6.7 Tithi 

In the course of a lunar month, from a new moon 
to the next new moon, the shape and size of the Moon changes from 
day to day. On an amavasya day (new moon day) the Moon is invisible 
as in A, (see Fig.6.1). On the next day, a very thin “crescent” moon B 
is visible, if the sky is clear, soon after the sunset in the western horizon. 

On the succeeding days of the sukla paksa the brighter or visible 
part of the Moon keeps on growing until it is half (C) on the 7 th or 
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ABCDEFGHI 
Figure 6.1 Phases of the Moon 

8 th day after the new moon. Also, each day, the Moon keeps moving up 
in the sky at sunset since it moves farther from the Sun at the rate of 
about 12° per day. When the phase of the Moon is half, it will be midway 
in the sky between the eastern and the western horizons. Then, each 
succeeding day the brighter part of the Moon grows more than half 
when it is said to be gibbous, D. At the end of the sukla paksa, the 
Moon will be fully visible, E, when the krsna paksa (dark half of the 
month) commences. 

In the krsna paksa, the phases of the Moon diminish (or wane) in 
the reverse order. From the full moon upto the 7 th or 8 ,h day more 
than half the Moon is bright when it is said to be gibbous, F. Then, on 
saptami or astaml, the Moon will be half(G). The bright portion of the 
Moon goes on decreasing till it is crescent ( H) again, a day before the 
new moon day. At the end of the krsna paksa the Moon is totally invisible 
on the new moon day, I. 

The lunar month is divided into 30 parts called tithis. The bright half 
has 15 tithis and so too the dark half. The duration of a tithi is the time 
taken by the Moon to move 12° relative to the Sun. The durations of 
different tithis are not equal. In a paksa (fortnight), starting from the 
new moon or the full moon, there are 15 tithis : 

1. Prat ip at 

2. Dvitiya 

3. Tritiya 

4. CaturthI 

5. Panchami 

6. Shashti 

7. Saptami 

8. Astaml 

9. NavamI 

10. DasamI 

11. Ekadasi 

12. Dvadasi 
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13. Trayodasi 

14. Caturdasi 

15. Purnima or Amavasya 

Therefore, 

Tithi = [Longitude of the Moon - Longitude of the Sun] / 12° 

where both the longitudes are in degrees. 

The quotient part indicates the number of tithis completed during 
the lunar month, and hence the quotient+1 gives the currently running 
tithi. If the tithi is less than 15, then it is of the sukla paksa (bright 
fortnight). If the tithi is greater than 15, then subtract 15 from that 
number and the remainder gives the running tithi in the krsna paksa. 

If the tithi is 15, then it is a purnima (full moon) day and if it is 30, 
the day is an amavasya (new moon day). 

Note: If the longitude of the Moon is less than that of the Sun then add 
360° to avoid the negative sign, and then divide it by 12 to get the tithi. 

Example: On March 21, 1990, at 5h 30m a.m. (1ST), the longitude of 
the Sun is 1 Is 6° 23' 13" and the longitude of the Moon is 8s 22°10' 
(according to the Rastrlya Pahcahga, published by the Govt, of India). 

The Moon’s longitude is 8s 22° 10' which means that the Moon has 
covered 8 signs (rasis) i.e., 8 X 30° = 240° and then has traversed 
22°10', so that the longitude is 

M = 240° + 22°10' = 262°10' in degrees 
= 262.16666° (in the decimal notation). 

Similarly, the longitude of the Sun is 

S = (11 X 30°) + 6°23'13" = 336° 23' 13" 

= 336.38694°. 

Since M is less than S, add 360° to (M-S) and then divide it by 12° 
to get the tithi, T. Therefore, 

T = (M-S + 360° / 12° 

= (262.16666°- 336.38694°+ 360°) / 12° 

= 285.77972° / 12° 

= 23.81497 
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This means that 23 tithis are completed and the 24 ,h tithi is running. 
Since 24 is greater than 15, the day falls in the krsna paksa (dark 
fortnight). Subtracting 15 from 24, the tithi is the rtavaml of the krsna 
paksa. 


6.8 Naksatra 

The naksatra at a given time, on a given day, is 
the “asterism”, one of the 27 divisions of the zodiac, from AsvinI to 
Revatl, (see section 4.2), occupied by the nirayana (sidereal) moon. 

The extent ofa naksatra is 13°20' = 360°/27, and hence the running 
naksatra is obtained by dividing the nirayana longitude of the Moon M 
by 13°20' (i.e., by 13.3333°). Thus, 

Naksatra = (Longitude of the Moon in degrees) / 13°.3333 
= Ml 13.33333° 

Example: On March 21,1990, at 5h 30m (1ST), the nirayana longitude 
of the Moon is 8s 22°10'. 

This means that the longitude of the Moon, in degrees, is 
M = 262.16666° 
so that 

Naksatra = Ml 13.33333° 

= 262.16666°/13.33333° =19.6625. 

Therefore, 19 naksatras are completed and the 20 ,h naksatra, viz. 
Purvasadha (see Table 4.2), is ongoing at the given time. 


6.9 Yoga 

The sum of the nirayana longitudes of the Sun 
and the Moon is divided into 27 equal divisions called yogas. 

The sum of the nirayana longitudes of the Sun and the Moon is 
converted into minutes and then divided by 800. The quotient 
represents the number of yogas completed and, hence, the current 
running yoga is obtained by adding 1 to the completed number of yogas. 
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There are 27 yogas as listed below: 


1. Viskambha 

15. Vajra 

2. Priti 

16. Siddhi 

3. Ayusman 

17. Vyatipata 

4. Saubhagya 

18. Variyan 

5. Sobhana 

19. Parigha 

6. Atiganda 

20. Siva 

7. Sukarma 

21. Siddha 

8. Dhrti 

22. Sadhya 

9. Sula 

23. Subha 

10. Ganda 

24. Sukla 

11. Vrddhi 

25. Brahma 

12. Dhruva 

26. Indr a 

13. Vyaghata 

21. Vaidhrta 


14. Harsana (or Vaidriti) 

Note: If the sum of the longitudes of the Sun and the Moon (in degrees) 
exceeds 360°, then subtract 360° from the sum, convert into minutes 
and then divide that figure by 800. 

Example: On March 21, 1990, at 5h 30m a.m. (1ST), the longitude of 
the Sun is 336°23' (neglecting the seconds) and the longitude of the 
Moon is 262°10'. 

The sum of the longitudes of the Sun and the Moon is equal to 
336°23 , +262°10' = 598°33'. 

Since the sum exceeds 360°, subtracting this value, the sum is: 

S+ M - 598° 33' - 360° 

= 238° 33' 

Converting it into minutes, we have, 

5+ M = (238° X 60) + 33' 

= 14,313 minutes 

Therefore, the yoga is given by: 

Y = (S + Min minutes) / 800 
= 14,313 / 800 
= 17.89125 



Calendars and the Indian Pahcahga 69 


This means that 17 yogas are completed and the current yoga is the 
18 th one, viz., Varlyan (see the list). In fact, according to the Rastriya 
Pahcahga, on that day the Varlyan yoga runs till 7h 59m a.m. (1ST). 

Note: If the sum of the nirayana longitudes of the Sun and the Moon is 
180°, the phenomenon is called Lata vyatlpata and if the sum is 360°, 
it is called Vaidhrta vyatlpata ; and when the sum of the longitudes 
extends to the end of Anuradha naksatra, i.e., if the sum is 226°40', 
this phenomenon is called Sarpamastaka vyatlpata. 

6.10 Karana 

There are 11 karanas of which 4 are immovable 
and 7 are movable. The names of the karanas are as follows: 

(i) Cara (movable) karanas: Bava, Balava, Kanlava, Taitila, Gara, 
Vanij, Visti. 

(ii) Sthira (immovable) karanas: Sakuni, Catuspada, Naga and 
Kimstughna. 

In each tithi, the first half is one karana and the second half is the 
next karana, so that each karana is situated at 6° of the angular distance 
between the Sun and the Moon. In the particular four half-tithis, viz., 
the second half of krsna paksa (i.e. Bahula), Caturdasi, the two halves 
of Amavasya and the first half of the Pratipat are the sthira karanas, 
viz., Sakuni, Catuspada, Naga and Kimstughna respectively. Then, from 
the second half of the pratipat of sukla paksa, we have the cara karanas, 
viz., Bava, etc., repeating the cycle of 7 karanas, eight times. 

Note: 

(i) If the longitude of the Moon M, is less than the longitude of the 
Sun S, then add 360° to (M- S') before dividing it by 6°. 

(ii) When (M- S) is, divided by 6°, if the quotient (an integer) K is 
57, 58, 59, 60 (orO), then correspondingly, the karana is Sakuni, 
Catuspada, Naga or Kimstughna. 

(iii) If (M — S)/6 is less than 7, then let K be the quotient (i.e., the 
integral part). If (M- S)/6 is greater than 7, then subtract the 
nearest multiple of 7 from that number, and in the resulting 
number, let K be the integral part. Then K represents the karana 
counting from Bava in the list of cara karanas. 
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Example 1: On March 21, 1990, at 5h 30m a.m. (IST)M = 262°10' 
and 5 = 336°23'l3". 

Since Mis less than S, we add 360° to (M- S) to get its new value, 
(M-S) = 360° + (262°10' - 336°23') = 285.77972° 

Now, 

(M-S) / 6° = 285.77972 / 6 = 47.629953 

Since this number is greater than 7, by removing the nearest multiple 
of 7 (namely, 42), we get 5.629953, so that K = 5. By counting to 5 
starting with Bava, in the list of cara karanas, we obtain the running 
karana as Gar a. 

Example 2: On August 2, 1989, at 5h 30m a.m. (1ST), M= 3s 19°52' 
andS = 3s 15°58'. Now, 

(M-S) / 6° = (109.8666°- 105.9744°) / 6 = 0.6487033 

so that K = 0. From item (ii) of the note above, the karana is 
Kimstughna. 


6.11 Vara 

The remainder of the pancanga is vara or vasara, 
i.e., the week day. A seven-day week is followed. The week days are 
Ravi vara, Soma vara, Maiigala vara, Budha vara, Guru vara, $ukra 
vara and Sani vara which correspond to Sunday, Monday, Tuesday, 
Wednesday, Thursday, Friday and Saturday. The seven days of the 
week are named after the seven luminaries: the Sun, Moon, Mars, 
Mercury, Jupiter, Venus and Saturn. This order has been obtained as 
follows. Arrange the 7 bodies in the decreasing order of their periods 
as Saturn, Jupiter, Mars, Sun, Venus, Mercury, Moon. Divide the day 
into 24 hours and assume that these bodies are the rulers of succes¬ 
sive hours in cyclic order. Then the day is named after the ruler of the 
first hour. If we start from Saturn as the ruler of the 1 st hour, it will 
again be the ruler of the 22 nd hour. Then the 23 rd hour will belong to 
Jupiter, 24 th to Mars and 25 lh , i.e., the 1 SI hour of the next day to the 
Sun, and so on. 
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Mean Positions of the Sun, 
Moon and Planets 

7.1 Ahargana 

For the purpose of finding the mean positions of 
the planets on any particular day, the total number of civil days elapsed 
since the beginning of the chosen epoch must first be determined. Then, 
this duration of time multiplied by the mean daily motion of a planet 
gives the distance covered by the planet during that period. From this 
motion the completed number of revolutions (multiples of 360°) is 
removed. The remainder when added to the mean position of the 
planet at the epoch gives the mean position for the required day. 

The number of days elapsed since the chosen fixed epoch is called 
ahargana which literally means a “heap of days”. The calculation of the 
ahargana depends on the calendar system followed. Since in the tradi¬ 
tional Hindu calendar both the luni-solar calendar and the solar calendar, 
to which the former is pegged on to, are followed, the intercalary months 
( adhikamasa ) play an important role in calculating the ahargana. 

The process of determining the ahargana essentially consists of the 
following steps: 

(i) Convert the solar years elapsed (since the epoch) into lunar 
months; 

(ii) Add the number of adhikamasas during that period to give the 
actual number of lunar months that have elapsed upto the 
beginning of the current year; 

(iii) Add the number of lunar months elapsed in the given year. 

(iv) Convert these actually elapsed number of lunar months into tithis 
(by multiplying it by 30); 

(v) Add the elapsed number of tithis in the current lunar month; and 
finally 

(vi) Convert the elapsed number of tithis into civil days. 
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Note: While finding the adhikamasas, if an adhikamasa is due after the 
given lunar month of the current lunar year, then 1 is to be subtracted 
from the calculated number of adhikamasas. This is because an 
adhikamasa which is yet to come in the course of the current year will 
have already been added. 

7.2 Working Method to Find the 
Ahargana 

Before evolving a working algorithm to find the 
ahargana, we shall list some useful data for the purpose, according to 
the Suryasiddhanta. In a Mahayuga of 432 X 10 4 years, we have 

(i) Number of sidereal revolutions of the Moon : 577,53,336 

(ii) Number of revolutions of the Sun 43,20,000 

(iii) Number of lunar months in a Mahayuga of 

432 X 10 4 years [(i)-(ii) ] : 534,33,336 

(iv) Number of adhikamasas in a Mahayuga 

= Number of lunar months —(12 X Number of solar years) 
= 534,33,336-(12 X 43,20,000) 

= 534,33,336 - 518,40,000 
= 15,93,336 

Suppose we want to find the ahargana for the day on which “x” luni- 
solar years, “y” lunar months and “z” tithis have elapsed. 

Then, we have the number of adhikamasas in x completed luni-solar 
years given by 

x, = INT [ (x) (15,93,336 / 43,20,000) ] 

where INT (i.e., integer value) means that only the quotient of the 
expression in brackets is considered. Now, since in the current luni- 
solar year, y lunar months and z tithis have elapsed, we have the 
following: 

Number of lunar months elapsed since the epoch 
= I2x + x,+ y + z / 30 

where the number of elapsed tithis z is converted into a fraction of a 
lunar month. 
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The average duration of a lunar month is 29.530589 days. Therefore, 
the number of civil days iV elapsed since the epoch began are, 

N = INT [ (12x + x, + y + z / 30) X 29.530589 ] + 1 

Here also, only the integer part of the expression in square brackets is 
considered. 

Since, in our calculations, we have considered only the mean duration 
of a lunar month, the result may have a maximum error of 1 day. 
Therefore, to get the actual ahargana N, an addition to or a subtraction 
from N of 1 may be necessary. 

This is decided by the verification of the week day. The tentative 
ahargana N is divided by 7 and the remainder is expected to give the 
week day, when counted from the week day of the chosen epoch. For 
example, the epoch of Kaliyuga is known to have been a Friday. 
Therefore, when N is divided by 7, if the remainder is 0, then that day 
must be a Friday, if 1 then Saturday, etc. However, if the calculated 
week day is different from the actual week day, then 1 is either added 
to or subtracted from N , so as to get the same calculated and actual 
week day. Then, accordingly, the actual ahargana N = N ± 1. 

It is important to note that the method described above is a simpli¬ 
fied version of the actual procedure described variously by various 
Siddhantic texts. 

Note: While determining the number of adhikamasas x, by the afore¬ 
said method, if an adhikamasa is due after the given lunar month in 
the said lunar year, then subtract 1 from x, to get the correct number 
of adhikamasas. 

Example: Find the Kali ahargana corresponding to Caitra krsna 
trayodasi of the saka year 1913 (elapsed), i.e., for April 12, 1991. 

Number of Kali years = 3179+1913 = 5092 

since the beginning of Saka, i.e., 78 ad corresponds to 3179 years 
(elapsed) of Kali. Therefore, 

Number of adhikamasas in 5092 years 

= (15,93,336 / 43,20,000) X 5092 " =1878.0710 

Taking the integral part of the above value, x, = 1878. 
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Now, an adhikamasa is due just after the Caitra masa under con¬ 
sideration. Although the adhikamasa is yet to occur, it has already 
been included in the above value of x,. Therefore, 

Corrected value of x, = 1877 

Since the month under consideration is Caitra, the number of elapsed 
lunar months in the lunar year is given by y— 0. The current tithi is 
the trayodasi of krsna paksa, so that the elapsed number of tithis is 
15+12 = 27, i.e., z=27. Therefore, 

Number of lunar months completed 

= (5092 X 12)+ 1877+ 0 + 27 / 30 
= 62,981.9 

(Tentative) number of civil days, 

N 1 = INT [62,981.9 X 29.530589] + 1 
= INT [18,59,892.603] + 1 
= 18,59,893. 

Now dividing N' by 7, the remainder is 0 counting 0 as Friday, 1 as 
Saturday, etc., the remainder corresponds to Friday. Also, from the 
calendar, April 12,1991, was a Friday. Therefore, we have the ahargana, 

N= 18,59,893 

since the Kali epoch. 


7.3 Mean Positions-Computations 

It was pointed out, while discussing the yuga 
system of Indian astronomy, that the mean motion of each planet is 
given in the number of revolutions made by the planet in the course of 
a Mahayuga of 432 X 10 4 years, or a Kalpa of 432 X 10 7 years. The 
advantage of choosing such a long period of time is that the motions of 
planets could be expressed in an integral number of revolutions 
completed, avoiding inconvenient fractions. The yuga model is used to 
compute the mean positions of planets. These positions are then 
corrected to get the true positions. 
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The following is the usual procedure for finding the mean position 
of any planet: Let A 0 be the mean position at an epoch. If cf is the daily 
mean motion of the planet in degrees and A is the ahargana from the 
epoch, then the mean motion from the epoch till the given day is A, = 
(A X d). Then, the mean position on the given day is 

A == A 0 + A, = A 0 + (A x d) 

In the texts where the beginning of Kaliyuga is used as the epoch, the 
ahargana is calculated from the midnight between the 17 th and 18 th of 
February 3102 BC. Therefore, in this method, the ahargana A is obtained 
till the midnight preceding the given day. Further, the midnight is as at 
the Ujjayini (23° 11' N latitude and 75°46' E longitude) meridian 
passing through Lanka on the equator. 

Therefore, when we calculate the positions of the planets, corrections 
will have to be applied to account for: 

(i) the time interval between the midnight at Ujjayini and the midnight 
at the given place; 

(ii) the difference in duration from the local midnight to the given 
time. 

In addition to these, some more important corrections will also have 
to be applied. These will be discussed later. 

Some astronomical texts consider the mean sunrise at Lanka on 
February 18,3102 bc as the starting time of the Kali era. 

The mean motion of the Sun, the Moon and other planets are 
given in terms of the number of revolutions (each of 360° extent) 
completed in the course of a Kalpa of 432 X 10 7 years. Table 7.1 
gives the necessary details for determining the mean positions of the 
Sun and the Moon according to different texts. For the other planets, 
the details will be considered later. 

Looking at Table 7.1, we notice that while the revolutions of the 
Sun in a Kalpa are the same according to the different texts, those of 
the Moon and its apogee and node (Rahu) are different. Further, the 
number of civil days in a Mahayuga (or multiplied by 1000 for a 
Kalpa) are slightly different according to Aryabhata I and the Surya- 
siddhanta, for example. These differences have resulted from the 
corrections made periodically, and give rise to slightly different mean 



Table 7.1 Revolutions of the Sun and the Moon in a Kalpa 

(1 Kalpa = 432 X 10 7 years = 1000 Mahayugas) 
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daily motions. The mean daily motions are given in Table 7.2 accord¬ 
ing to the Siddhantasiromani of Bhaskara II, as compared to the 
modern values, and those of the Khandakhadyaka of Brahmagupta 
and the Suryasiddhanta. 


Table 7.2 Daily mean motion of the Sun, the Moon, etc. 


Bodies and 
points 

Surya 

Siddhanta 

Siddhanta- 

siromani 

Modern 

Astronomy 

Khanda- 

Khadyaka 

Ravi 

0°59 08 10 09.7 

0°59 08 10 21 

0°59 08.2 

0°59 08 

Candra 

13°10 34 52 02 

13°10 34 53 00 

13°10 34.9 

13°1031 

Kuja 

0°31 26 28 10 

0°31 26 28 07 

0°31 26.5 

0°31 26 

Budha’s sighrocca 

4°05 32 20 42 

4°05 32 18 28 

4°05 32.4 

4°05 32 

Sukra’s sighrocca 

1°36 07 43 37 

1°36 07 44 35 

1°36 07.7 

1°36 07 

Guru 

0°04 59 08 48 

0°04 59 09 09 

0°04 59.1 

0°04 59 

Sani 

0°02 00 22 53 

0°02 00 22 51 

0°02 00.5 

0°02 00 

Candra’s 

mandocca 

0°06 40 58 42 

0°06 40 53 56 

0°06 40.92 

0°06 40 

Candra’s pata 
(Rahu) 

-0°03 10 44 43 

-0°03 10 48 20 

—0°03 10.77 -0°03 10 


It is clear that the daily motion of a celestial body is given, in 
revolutions per day, by 

^ Number of revolutions in a Mahayuga 
Number of civil days in a Mahayuga 

For example, according to the Siddhantasiromani, the number of 
revolutions completed by the Moon is 577,53,300 in a Mahayuga 
that has 157,79,16,450 civil days. Therefore, the Moon’s daily motion 
is. 


d Moon = (577,53,300 / 157, 79,16,450) X 360 (in degrees) 
= 13° 10' 34".8796 

Similarly, for the Sun, the mean daily motion is, 

d Sun = (43,20,000 / 157,79,16,450) X 360 (in degrees) 

= (43,20,000 X 360 / 157,79,16,450) degrees 
= 0° 59'08".1726 
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Now, as explained earlier, the mean motion for any given day is 
obtained by multiplying the mean daily motion of the celestial body by 
the ahargana of the day, that is, 

A, = dX A 

The mean motion A,, thus obtained, must be added to the initial mean 
position at the epoch, viz., A 0 . According to Bhaskara II, the initial mean 
positions ( dhruvakas ), A 0 for the different celestial bodies are shown in 
Table 7.3. The values according to the Suryasiddhanta are also given. 

Table 7.3 Mean positions of planets at the Kali epoch 


Planets and points 

Siddhantasiromani 

Suryasiddhanta 

Ravi 

0°0 0 

0°0 0 

Candra 

0°0 0 

0°0 0 

Kuja 

359°03 50 

0°0 0 

Budha highrocca 

357°24 29 

0°0 0 

Guru 

359°27 36 

0°0 0 

Sukra iighrocca 

358°42 14 

0°0 0 

$ani 

358°46 34 

0°0 0 

Ravi’s mandocca 

77°45 36 

iTl 48 

Candra’s mandocca 

125°29 46 

90°0 0 

Candra’s pat a ( Rahu ) 

153°12 58 

180°0 0 


For the computation of the mean positions of the planets, we chose 
the beginning of the Kaliyuga, viz., the midnight of 17/18 February 
3102 BC, as the epoch. Further, it is assumed that the Sun, the Moon 
and the five planets ( taragrahas ) were at the beginning of the zodiac, 
i.e., 0° Mesa. The mean longitude of a planet at the mean midnight at 
Ujjayani on a day with Kali ahargana A is given by: 

Mean longitude = A X Mean daily motion 

= A X No. of revolutions / No. of civil days 

where the number of revolutions of the concerned body and the number 
of civil days correspond to a Mahayuga of 43,20,000 years. 

(i) MEAN LONGITUDE OF THE SUN 

In a Mahayuga, the number of revolutions of the Sun are 43,20,000 
and the number of civil days are 157,79,17,828. 
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Now, on March 22, 1991, the elapsed Kali ahargana = 18,59,872. 
Therefore, 

Mean longitude of the Sun 

= 18,59,872 X 43,20,000 / 157,79,17,828 
= 8.03464 X 10 12 / 157,79,17,828 
= 5091 rev. 334°46'49" 

Now, ignoring the completed revolutions, viz., 5091, the mean longi¬ 
tude of the Sun is 334 0 46'49" 

(ii) MEAN LONGITUDE OF THE MOON 

In a Mahayuga, the number of revolutions of the Moon are 577,53,336 
and the number of civil days are 157,79,17,828. At the midnight of 
March 22, 1991, the elapsed ahargana is 18,59,872. 

So we have: 

Mean longitude of the Moon 

= 18,59,872 X 577,53,336 / 157,79,17,828 
= 1.07413 X 1014 / 157,79,17,828 
= 68,073 rev. 48°25'9". 

Ignoring the number of completed revolutions, the mean longitude 
of the Moon is 48°25'9''. 

Note: In the above computations, since the mean longitudes are given 
in terms of revolutions, the decimal part is multiplied by 360° to get it 
in degrees, the decimal part of the degree by 60 to get minutes and 
lastly the decimal part of the minute by 60 to get seconds. 

(iii) MEAN LONGITUDE OF THE MOON’S APOGEE ( MANDOCCA) 
In a Mahayuga, the number of revolutions of the Moon’s mandocca is 
48,82,03; and the number of civil days is 157,79,17,828. At the epoch, 
the mandocca was 90°. Therefore, for the ahargana of 18,59,872, 

the mean motion of the Moon’s mandocca 

= 48,82,03 X 18,59,872 / 157,79,17,828 
= 9.07995 X 10" / 157,79,17,828 
= 575.43878 rev. 

= 575 rev. 157°57'22". 
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Removing the number of completed revolutions, the mean motion 
of the Moon’s mandocca since the epoch is 157°57'22". Now, adding 
this mean motion to the longitude of the mandocca at the epoch, we 
have the mean longitude of the Moon’s mandocca 

= 90°+157°57'22" = 247°57'22" 

(iv) MEAN LONGITUDE OF THE MOON’S NODE [RAHU) 

The number of revolutions of the ascending node of the Moon, called 
Rahu, in a Mahayuga is 2,32,238. Rahu was assumed to be at 180° 
from the beginning of the zodiac at the epoch, i.e., the beginning of the 
Kaliyuga. Therefore, 

Mean longitude of Rahu = 180° — mean motion for the ahargana. 

[Note: The mean motion is subtractive since Rahu moves backwards 
along the ecliptic.] 

In the example, we have 

Mean motion of Rahu 

= (No. of revolutions / No. of civil days) X ahargana 
= (2,32,238 / 157,79,17,828) X 18,59,872 
= 4.31932 X 10 11 / 157,79,17,828 
= 273.7603 rev. 

= 273 rev. 264° 58' 8" 

After removing the completed number of revolutions, the motion 
of Rahu is 264°58'8". Since the motion is backwards, this value has 
to be subtracted from the initial position at the epoch, i.e., 180°. 
Therefore, 

Mean longitude of Rahu = 180° - (264°58'8”) 

= 275°01'52". 

by adding 360° to avoid the negative value. 

Note: The opposite node, called the descending node of the Moon 
(Ketu ), is exactly 180° away from Rahu. Therefore, 

Mean longitude of Ketu = 95°01'52". 
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7.4 Mean Positions of the Star- 

PLANETS {KUJA, BUDHA, GURU, 
SUKRA AND &ANI) 

The mean positions of the three faragrahas (“star- 
planets”) namely, Kuja, Guru and $ani are determined by the same 
procedure as in the case of the Sun and the Moon, while the mean 
positions of Budha and Sukra are taken as equal to that of the Sun. But 
in their case we compute the mean positions of their slghrocca. This 
aspect will be discussed in the next chapter. 

Table 7.4 Revolutions of planet’s in a Mahayuga (Suryasiddhanta) 
(Number of civil days in a Mahayuga : 157,79,17,828) 


Planet 

No. of revolutions 

Mean daily motion (d) 

Kuja 

22,96,832 

0.5240193° 

Budha Slghrocca 

1,79,37,060 

4.0923181° 

Guru 

3,64,220 

0.0830963° 

Sukra sighrocca 

70,22,376 

1.6021464° 

Sani 

1,46,568 

0.0334393° 


Note: In actual numerical computations, to avoid ‘rounding off’ errors, 
double precision decimal representation of numbers can be used on 
computers. In the following computations, there is a small amount of 
rounding off error. 

Example: Find the mean longitudes of the five planets at the midnight 
between March 21 and 22, 1991. 

Now, the ahargana elapsed : 18,59,872. 

(1) Mean longitude of Kuja 

= ahargana X mean daily motion 
= 1859872 X 0.5240193° 

= 974608.82° = 88°49'12" 

(after removing the nearest integral multiple of 360°) 

(2) Mean longitude of Budha’s slghrocca 

= 1859872 X 4.0923181° 

= 7611187.8° = 67°48' 

(after removing the nearest integral multiple of 360°) 
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(3) Mean longitude of Guru 

= 1859872 X 0.0830963° 

= 154548.48° = 108°28'48"’ 

(after removing the nearest integral multiple of 360°) 

(4) Mean longitude of Sukra’s sighrocca 

=1859872 X 1.6021464° 

= 2979787.2° = 67°12' 

(after removing the nearest integral multiple of 360°) 

(5) Mean longitude of Sani 

= 1859872 X 0.0334393° 

= 62192.818° = 272°49'5" 

(after removing the nearest integral multiple of 360°) 

7.5 Desantara Correction 

Desantara is the longitude of a place measured to 
the east or west from the standard (or prime) meridian. In Indian 
astronomy, the prime meridian is the great circle of the Earth passing 
through the north and south poles, UjjayinI and Lanka, where Lanka 
was assumed to be on the Earth’s equator. 

The Sun completes a rotation (of 360°) in one day due to the diurnal 
motion. Therefore, the angular distance covered by the Sun in 1 hour 
is 360/24, i.e., 15°. This means if the Sun rises at 6 a.m. (1ST) at a 
place A, then the sunrise at another place B, 15° to the west of the first 
place will be 1 hour later, i.e., at 7 a.m. (1ST), provided that the two 
places are on the same latitude (i.e., on the same small circle parallel 
to the equator). Similarly, at a place C to the east of A, the sunrise will 
have taken place earlier. If C is 15° to the east of A (but on the same 
small circle parallel to the equator), then the sunrise at C will be 1 hour 
before that at A, i.e., 5 a.m. (1ST) 

In Indian astronomy, the mean positions of planets are calculated 
either at midnight or at sunrise at the standard meridian. Then, to get 
the position at the corresponding time (i.e., either midnight or sunrise) 
at another place, on a different meridian, we have to apply a correction 
due to the difference in the longitudes of the given place and the standard 
meridian. This correction is called the desantara correction. 
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Since the standard meridian passes through Ujjayini, in terms of 
the modern terrestrial longitudes (with reference to the Greenwich 
meridian), we have 

Desantara = [Long, of the place - Long, of Ujjayini] / 15 

Since the longitude of Ujjayini is 75°E45' (east of Greenwich), we 
have 

Desantara = [Long, of the place — 75°45'] / 15 in hours ... (1) 

If the correction is required in ghatikas, since the Earth rotates at the 
rate of 360° per 60 ghatikas (or 6° per gh.), we have 

Desantara = [Long, of the place - 75°45'] / 6 gh. ... (2) 

The correction to be applied to the mean Sun or Moon or any planet 
(obtained for Ujjayini midnight) due to desantara is given by: 

Desantara correction = (Desantara in hours) X d / 24 

= (Desantara in ghatikas) X d / 60 ... (3) 

where d is the mean daily motion of the Sun or the Moon or the planet, 
as the case may be. 

The above correction is to be added to or subtracted from the earlier 
obtained mean position (for Ujjayini at midnight), according to whether 
the place is to the west or east of Ujjayini. 

If the place is to the west of Ujjayini, midnight occurs there later 
than at Ujjayini, during which time-interval the celestial body will have 
moved further; hence, the desantara correction in that case is additive. 

Similarly, if the place is to the east of Ujjayini, midnight there would 
have occured earlier and hence the celestial body will have moved less; 
therefore, the correction is subtractive. Thus, from (1), (2) and (3) we 
have 

Desantara correction = - (A -A 0 ) X d / 360 
where 

A = Longitude of the place 

A = Longitude of Ujjayini and 

d = Mean daily motion of a celestial body. 
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The negative sign indicates that the correction is subtractive when 
A > X 0 , i.e., the place is to the east of Ujjayini. For a place lying to the 
west of Ujjayini (i.e., A < X 0 ), the correction automatically becomes 
additive. Note that for a place with a western longitude (with reference 
to Greenwich), A must be taken as negative. 

Note: In the Indian astronomical texts, the desantara is obtained from 
the linear distance (in yojanas) of the place from Ujjayini. 

Example: We shall now apply the desantara corrections to the Sun, 
the Moon, the Moon’s apogee and the node for Bangalore at the local 
midnight between 21 s ' and 22 nd March, 1991. Taking the longitudes of 
Bangalore and Ujjayini as 77°35' and 75°47', we have 

(A-A 0 ) / 360 = 1.8 / 360 

(i) DESANTARA CORRECTION FOR THE SUN 

Since the daily mean motion of the Sun is 59.136078', according to 
the Suryasiddhanta, we have: 

Desantara correction for the Sun = (1.8 / 360) X 59.136078' 

= 17.7" 

Therefore, the mean longitude of the Sun at the local mean midnight of 
Bangalore is 334°46'49" - 17.7' = 334°46'3l" 

(ii) DESANTARA CORRECTION FOR THE MOON 
Daily mean motion of the Moon: 13.176352°. Therefore, 

Desantara correction = (1.8 / 360) X 13.176352° 

= 3'57" 

Mean longitude of the Moon at the local midnight of Bangalore is, 
48°25'9" - 3'57" = 48°21'12" 

(iii) DESANTARA CORRECTION FOR THE MOON’S APOGEE 
Daily mean motion of the Moon’s apogee is 6.6829747'. Therefore, 
for the Moon’s apogee, 

Desantara correction = (1.8 / 360) X 6.6829747 

= 2 " 
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The mean longitude of the Moon’s apogee at the mean midnight at 
Bangalore is 

247°57'22"-2" = 247°57'20". 

(iv) DESANTARA correction for the moon’s node 

Daily mean motion of the Moon’s node is —0.052985° or —190.746” 
so that 

Desantara correction = —(1.8 / 360) X 190.746” 

= -0.95373" 

= — l" approximately 

Thus, the mean longitude of Rahu for the local mean midnight of 
Bangalore is 

275°01'52" —(—l") = 275°01'53". 

7.6 DeSAntara Correction for 
the Star-PLANETS 

Example: Apply the desantara correction to the 
five planets for the midnight preceding March 22, 1991 at Bangalore. 
Now, as explained in section 7.5, we have 

Longitude of UjjayinI, A 0 = 75°47'E 
Longitude of Bangalore, A = 77° 35'E 

so that 

(A — A 0 ) / 360 = 1.8 / 360 

If this factor is multiplied by the mean daily motion d of a planet, we 
obtain the desantara correction for that planet and it is subtractive 
since A > A 0 . 

We shall calculate this correction and apply it to each of the five 
planets as shown below, using d as given in Table 7.4. 

(1) DESANTARA CORRECTION FOR KUJA 
= -(1.8 / 360) X 0.5240193° 

= —0°0'09" 
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Therefore, the mean longitude of Kuja at the midnight of Bangalore: 
88°49' 12" - 09" = 88°49'03". 

(2) DESANTARA correction for budha’s Sighrocca 

= -(1.8 / 360) X 4.0923181° = -0°0l'l4" 

Therefore, the mean longitude of Budha’s slghrocca at Bangalore’s 
midnight: 67°48' - 1'14" = 67°46'46" 

(3) deSAntara correction for guru 

= -(1.8 / 360) X 0.0830963° = -0°0'1.5" 

Therefore, the mean longitude of Guru at the midnight of Bangalore: 
108°28'48" - 1.5" = 108°28'47". 

(4) deSAntara correction for Surra’s Sighrocca 

= -(1.8 / 360) X 1.6021464° = -0°0'29" 

Therefore, the mean longitude of Sukra’s slghrocca at Bangalore’s 
midnight: 67° 12' -29" = 67°ll'3l". 

(5) deSantara correction for Sani 

= -(1.8 / 360) X 0.0334393° = -0°0'0.6" ~ -l" 

Therefore, the mean longitude of Sani at midnight in Bangalore: 
272°49'5"- 1 = 272°49'4". 
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True Positions of the Sun 
and tke Moon 


8.1 Introduction 

To obtain the mean positions of the Sun and the 
Moon, it was assumed that these bodies move in circular orbits around 
the Earth with uniform angular velocities. However, by observation it 
was found that the motions are not uniform. 

The procedure for calculating the major corrections to the mean 
positions, to obtain the true positions, is related to the epicyclic theory* 
'which is explained in the following section. 

8.2 Epicyclic Theory - 
Mandaphala 

The theory is that while the mean Sun or Moon 
moves along a big circular orbit of radius R (dotted in Fig.8.1), the 
actual (or true) Sun or Moon moves along another smaller circle of 
radius r, called epicycle, whose centre is on the bigger circle. 

The bigger circle ABP, with the Earth as its centre, is called the 
kaksavrtta. Let A be position of the mean Sun when the true Sun is 
farthest from the Earth. The line AEP is called the apse line (or 
nicoccarekha). The epicycle, with A as its centre and a prescribed 
radius r (smaller than AE), is called the nicoccavrtta. Let the apse line 
PEA cut the epicycle at [/and N. The two points [/and ATare respectively 
called the mandocca (apogee) and the mandanica of the the Sun. Note 
that as the Sun moves along the epicycle, it is farthest from the Earth 
when it is at U and nearest when at N. 


* It is to be noted that this theory is only an approximation to the true elliptical 
orbits of the places. 
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The epicyclic theory assumes that as the centre of the epicycle (i.e., 
mean Sun) moves along the circle ABP in the direction of the signs 
(from west to east) with the velocity of the mean Sun, the true Sun 
itself moves along the epicycle with the same velocity but in the opposite 
direction (from east to west). Further, the time taken by the true Sun to 
complete one revolution along the epicycle is the same as that taken by 
the mean Sun (i.e., centre of the epicycle) to complete a revolution 
along the orbit. 


u 



Figure 8.1 Epicyclic theory 

Now, in Fig. 8.1, suppose the mean Sun moves from A to A'. Let 
A'E be joined, cutting the epicycle at If and N 1 which are the current 
positions of the apogee and the perigee. While the mean Sun is at A', 
suppose the true Sun is at Son the epicycle, so that if A'S = if ftA. 
Join ES, cutting the orbit (i.e., circle ABP) at S'. Then A' is the madhya 
(mean Sun) and S' is spasta (or sphuta) Ravi. The difference between 
the two positions, viz., A 1 £S '(or arc A' S') is called the equation of 
centre (or mandaphala). 

Now, in order to obtain the true position of the Sun, it is necessary 
to get an expression for the equation of the centre which will have to be 
applied to the mean position. 
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In Fig. 8.1, SC and A'Dare drawn perpendicular to if N 1 E and UNE, 
respectively. The arc AA' (or A&A'), the angle between the mean Sun 
and the apogee is called the mean anomaly m of the Sun (mandakendra). 
We have, in the right-angled triangle A 1 DE, 

sin A&A' = sin D&A' = A 1 D / A'E 

so that 

A!D = R sin AA' = R sin m. 

A'D is called the mandakendrajya. From the similar right-angled 
triangles SCA' and A'DE, we have 

SCI SA! - A'D/ A'E 

so that 

SC = A'D X SA' / A'E = (r / R) sin m 

Since SA' and A'E are, respectively, the radii of the epicycle and the 
orbit, and these are proportional to the circumferences of the two 
circles; that is, 

SA' / A'E = Circumference of epicycle / Circumference of orbit 
= 271 r / 271R 


so that 

SC = (Circumference of epicycle/Circumference of orbit) XA'D 

Taking the circumference of the orbit as 360°, we have R = 3438\ 

SC = (Circumference of epicycle 

in degrees) X mandakendrajya / 360°. 

Now, taking SC as approximately the same as A'S', we have the 
Equation of centre 

= (Circumference of epicycle){mandakendrajya) / 360° 

= (r/R) {R sin m). 

where R sin (m) is the “Indian sine” of the anomaly of the Sun m. The 
maximum value of the equation of centre is r, the radius of the epicycle 
in degrees. By observation, this can be obtained as the maximum 
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deviation of the Sun’s position from the calculated mean position. Note 
that when the Sun is at its apogee or perigee, the mean and true positions 
coincide since sin (m) is 0, when m = 0° or 180°. 

The maximum equation of the centre for the Sun was observed by 
Bhaskara n, to be 2° 11' 30" which is the value of r. Therefore, 

the circumference of the epicycle of the Sun 
= (131.5' / 3438) X 360° = 13.66° 

This value was given by Bhaskara n. 

Note: The same epicyclic theory is applied to the Moon also. In the 
case of the Moon, Bhaskara II has given the maximum equation of the 
centre as 302'. Most texts have taken the epicycles as being of varying 
radii and not fixed. 

From Table 8.1 we notice that while the Khandakhadyaka and the 
Saurasiddhanta (as given by Varahamihira) take the epicycles as having 
a constant periphery (and hence radius), the Aryabhatiyam and the 
later Suryasiddhanta take them as varying between two limits. 


Table 8.1 Peripheries of epicycles of Apsis 


Bodies 

Aryabhatiyam 

Khanda¬ 

khadyaka 

Saura- Suryasiddhanta 

siddhanta 

(Varahamihira) 

Ravi 

13°30 / 

14° 

14° 

13.66° to 14° 

Candra 

31°30' 

31° 

31° 

31.66° to 32° 

Kuja 

63.0° to 81.0° 

o 

o 

70° 

72° to 75° 

Budha 

22.5° to 31.5° 

O 

00 

CM 

28° 

28° to 30° 

Guru 

31.5° to 36.5° 

32° 

32° 

32° to 33° 

Sukra 

9.0° to 18.0° 

14° 

14° 

11° to 12° 

Sani 

40.5° to 58.5° 

60° 

60° 

48° to 49° 


8.3 Equation of Centre 

(MANDAPHALA) FOR THE SUN AND 

the Moon 

Now, how are these peripheries of the epicycles 
used to determine the equations of the centre or mandhaphalal We 
will follow the procedure given by Suryasiddhanta. 
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For example, in the case of the Sun, the periphery varies from 13° 
40' to 14°. Therefore, the radius r varies from (13°40' / 360°) X 
3438' to (14° / 360°) X 3438', i.e., from 130.517' to 133.7'. But 
then we must know how to find the actual value of rat a given moment, 
between the given limits. For this, Suryasiddhanta gives the following 
rule: “The degrees of the Sun’s epicycle of the apsis (manda paridhi ) 
are fourteen,... at the end of the even quadrants; and at the end of the 
odd quadrants, they are twenty minutes less..”* 

There are four quadrants; the odd quadrant endings are 90° and 270°, 
and the even quadrant endings are 180° and 360° (or 0°). Let m be the 
mean anomaly ( mandakendra ) of the Sun where 

m = Mandocca of the Sun — mean longitude of the Sun 

Since at m = 90° and m = 270°, the periphery is minimum and at 
m = 0° and m = 180° it is maximum (i.e., 14°), we can formulate: 

corrected periphery = 14° - (20 X | sin m |) 

assuming that the variation is sinusoidally periodic. Correspondingly, 
we have the corrected radius of the epicycle of the Sun’s apsis: 

r = (3438' / 360°) [14°-(7 3 )° |sinm|] 

Similarly, in the case of the Moon, the periphery of the epicycle 
varies from 31.66° to 32° Hence, the corrected radius is given by 

r= (3438' / 360°) [32 - (7 3 ) | sin m \] 
where 

m = Moon’s mandocca — Moon’s mean longitude. 

Having found out the corrected radius of the epicycle, the 

Mandaphala — r sin m 

so that with the corrected r, we have the following: 

Sun’s mandaphala = (3438 / 360) [14° - (7 3 )°| sin m | ]sin m 
= [133.7 sin m — 3.183 (sin m). |sinm|]' 


* There is no need for this device in modern astronomy. 
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Moon’s mandaphala — (3438 / 360) [32° — ( 1 / 3 )° | sin m | ] sin m 
= [305.6 sin m- 3.183 (sin m) jsinmj]' 

The mandaphala is additive for m < 180°, and subtractive for 
m > 180°. 


Table 8.2 Sines according to the Suryasiddhanta 
(J?=3438 and R = 3437.75) 


S.No. 

Arc(#) 

Arc (#) 
(min.) 

R sin (#) 
(Hindu) 

Difference /?'sin 9 
(True) 

1 . 

3° 45' 

225 

225 


224.84 

2. 

7° 30' 

450 

449 

224 

448.72 

3. 

11° 15' 

675 

671 

222 

670.67 

4. 

15° 00' 

900 

890 

219 

889.76 

5. 

18° 45' 

1125 

1105 

215 

1105.03 

6. 

22° 30' 

1350 

1315 

210 

1315.57 

7. 

26°15' 

1575 

1520 

205 

1520.48 

8. 

30° 00' 

1800 

1719 

199 

1718.88 

9. 

33° 45' 

2025 

1910 

191 

1909.91 

10. 

37° 30' 

2250 

2093 

183 

2092.77 

11. 

41° 15' 

2475 

2267 

174 

2266.67 

12. 

45° 00' 

2700 

2431 

164 

2430.86 

13. 

48° 45' 

2925 

2585 

154 

2584.64 

14. 

52° 30' 

3150 

2728 

143 

2727.35 

15. 

56°15' 

3375 

2859 

131 

2858.38 

16. 

60° 00' 

3600 

2978 

119 

2977.18 

17. 

63° 45' 

3825 

3084 

106 

3083.22 

18. 

67° 30' 

4050 

3177 

93 

3176.07 

19. 

71° 15' 

4275 

3256 

79 

3255.31 

20. 

75° 00' 

4500 

3321 

65 

3320.61 

21. 

78° 45' 

4725 

3372 

51 

3371.70 

22. 

82° 30' 

4950 

3409 

37 

3408.34 

23. 

86° 15' 

5175 

3431 

22 

3430.39 

24. 

90° 00' 

5400 

3438 

7 

3437.75 


Note: The circumference of a circle, in arc minutes, is 
2JlR = 360° = 21,600' 
so that 


R = 21600' / 271 = 3437.7468 
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Example: Find the equations of the centre and hence the true longitudes 
of the Sun and the Moon at the mean midnight at Banglore, between 
March 21 and 22, 1991. 

We have already computed the mean longitudes after the desantara 
correction, for the midnight of the given date at Banglore, and the 
values are: 

Mean longitude of the Sun : 334° 46' 31" 

Mean longitude of the Moon : 48° 21' 12" 

Moon’s mandocca : 247° 57' 20" 

Sun’s mandocca 11° 17' 39" 

Note: According to the Suryasiddhanta, the Sun’s apogee ( mandocca ) 
completes 387 revolutions in a Kalpa of 432 X 10 7 years. At that rate 
of motion, the position of the Sun’s mandocca at the beginning of the 
Kaliyuga (i.e., February 17/18, 3102 BC) works out to be 11° 1' 48”. 
Therefore, for the ahargana of 18,59,872, corresponding to March 
22, 1991, the motion of the Sun’s mandocca 

= [18,59,872 / (157,79,17,828 X 10 3 )] X 387 X 360 X 60' 
= 9.853' = 9'51" 

Therefore, for the given date, 

the Sun’s mandocca = 11° l' 48" + 9' 51" = 77° 17' 39" 

(i) The Sun’s equation of the centre and true longitude: 

the Sun’s mean longitude : 334° 46' 31" 
the Sun’s mandocca : 11° 17' 39" 

Therefore, 

the Sun’s anomaly ( mandakendra ) : 
m = Sun’s mandocca - Sun’s mean longitude 
_ 7?0 1? , 39" _ 334° 46 ' 31 " 

= 102° 31' 08" (by adding 360°) 

= 102.5189° 


and hence 


the rectified periphery = 14° — ( 1 / 3 )° sin m = 13.6745° 
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The Sun’s equation of the centre 

= 133.7' sin m- 3.183' {sin m) |sin m\ 

= (133.7')(0.9765377)-(3.183') (0.953626) 

= 130.5631' - 3.0353917' 

= 127.52771' = 2° 7' 32" 

Therefore, at the mean local midnight at Bangalore, the true 
longitude of the Sun 

= (mean longitude of the Sun + equation of centre of the Sun) 
= 334° 46' 31" + 2° 7' 32" = 336° 54' 03" 


(ii) The Moon’s equation of centre and true longitude: 

Moon’s mean longitude : 47° 44' 48" 

Moon’s mandocca : 247° 57' 34" 

Therefore, we have the Moon’s anomaly ( mandakendra ), 

m = Moon’s mandocca - Moon’s mean longitude 
= 247° 57' 34"-47° 44' 48" 

= 200° 12' 46" = 200.21278° 


Hence, 

the corrected periphery of the epicycle 
= 32° — (*/ 3 )°|sin m\ = 31.8848° 

The Moon’s equation of centre 

= [305.6' (sin m ) — 3.183' (sin m). | sin (m) | ] 

= (305.6') (-0.3455074) -(3.183) (-0.1193754) 
= -105.58709' + 0.3799719' 

= -105.58709' + 0.3799719' 

= -105.20712'=-(1° 45' 12") 

Therefore, at the mean local midnight at Bangalore, 

True longitude of the Moon 

= Mean longitude of the Moon + Equation of centre 

of the Moon 


= 47° 44' 48"- 1° 45' 12" 
= 45° 59' 36" 
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8.4 True Daily Motions of the 
Sun and the Moon 

The mean daily motions of the Sun and the Moon, 
as given by the Suryasiddhanta, are respectively 59'8" 10 1 " 10.4 IV (or 
59'.1361592) and 790'34"52 iu 3.8 iv (or 790'.5811287). 

But due to the non-uniform motion of the Sun along the ecliptic, the 
true daily motions of the Sun and of the Moon go on changing from day 
to day. The method to find the true daily motion from the mean motion 
is given in the Suryasiddhanta as follows: 

True daily motion 

— n± (n-n').P° X [sine difference at (m - oc)] /(360° X 225') 

where P° is the periphery of the epicycle of the Sun (or the Moon), 
m is the mean longitude and oc is the mean longitude of the apogee 
( mandocca ) of the Sun (or the Moon), and “sine difference” is the 
tabulated difference in the sine table corresponding to the mean 
anomaly, namely (m - oc); n and n are the mean daily motions of the 
Sun (or the Moon) and the corresponding apogee. 

RATIONALE: Suppose L and L' are the true longitudes of the Sun (or 
Moon) on two consecutive days. Then, we have 

L = m ± P° X [sin (m - oc)] / 360° and 

L' = (m + n) ± (P° / 360°) sin {(m + n) - (oc + jj')} 

so that 

True daily motion 
= L'-L 

= n ± (P° / 360°) [sin {(m- oc) + (n-ri)} - sin (m~ oc)] 

= n± [P°X (n — n) / (360 °X 225')] X Tab. diff of sines 

at (m - oc) 

In the case of the Sun, the daily motion of its mandocca (apogee) n' is 
negligible so that: 

True daily motion of the Sun 

= n ± P° X n X [ tab. diff. of sines at (m — oc)] / (360° X 

225') 
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Note: The correction to the mean daily motion n is additive if the 
anomaly (of the Sun or the Moon) is between 90° and 270° (i.e., 2nd 
and 3rd quadrants), and subtractive if the anomaly is between 270° 
and 90° (i.e., in 1st and 4th quadrants). 

Example: Find the true daily motions of the Sun and the Moon on March 
22, 1991. 

(i) TRUE DAILY MOTION OF THE SUN 

We shall use the following values in respect to the Sun as on March 22, 
1991, at the preceding midnight: 

Sun’s mean daily motion : n = 59’8" 

Sun’s mean longitude : 334°51' 30" 

Sun’s apogee ( mandocca ) : 77° 17' 39'' 

Sun’s mean anomaly : 102° 26'09" 

Tabular difference of sines : 51' 

(corresponding to 180°- 102° 26' 09" = 77° 33' 51", see Table 8.2, 
between serial numbers 20 and 21). 

Corrected periphery of the Sun’s epicycle : P = 13°.6745 

Therefore, the correction to the Sun’s daily motion must be 

P X n X Tab. sin diff. / (360 X 225) 

= 13°.6745 X 59'.13 X 51 / (360 X 225) 

= O'.5091 = 0'31" 

Since the Sun’s anomaly, 102° 26' 09", lies between 90° and 270° 
(i.e., 2nd and 3rd quadrants), the correction is additive. Hence, 

the Sun’s true daily motion = 59'08" + 0'31" 

= 59'39". 

(ii) TRUE DAILY MOTION OF THE MOON 

In the case of the Moon, the following are the values for March 22, 
1991, at the preceding midnight: 

Moon’s mean daily motion : n = 790' 35" 

Mean daily motion of the Moon’s apogee : n = 6'.68 3 
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Moon’s mean longitude 
Moon’s apogee ( mandocca ) 

Moon’s mean anomaly 
Tabular sine diff. for (200°12'46" - 180°) 

Moon’s corrected periphery of the epicycle 

Therefore, 

The correction to the Moon’s daily motion 
= (n-n) X FX Tab. sin diff. / (360 X 225). 

= (790.583' -6.683') X 31.8848° X 210' / (360° X 225') 
= 64.8' = 64' 48" 

Since the Moon’s anomaly 200° 12' 46" lies between 90° and 270°, 
the correction is additive. Hence, 

The Moon’s true daily motion = 790'35" + 64'48" 

= 855'23" = 14°15'23" 


47° 44' 48" 
247° 57' 34" 
200° 12' 46" 
210 ' 

P= 31°.8848 


8.5 Bhujantara Correction 

The true midnight of a place differs from the 
mean midnight by an amount of time called the “ equation of time ”. 
The equation of time is caused by: 

(i) the eccentricity of the Earth’s orbit; and 

(ii) the obliquity of the ecliptic with the celestial equator. 

The correction to the longitude of a planet, due to the part of the 
equation of time caused by the eccentricity of the Earth’s orbit, is called 
bhujantara. The other correction caused by the obliquity of the ecliptic 
is called Udayantara. 

While all the Siddhantic texts consider the bhujantara correction, 
the other correction — Udayantara — was first introduced by Srlpati 
(about 1025 ad) and later followed by Bhaskara II and others. 

We shall discuss the bhujantara correction which is mentioned in 
the Suryasiddhanta. The eccentricity of the Earth’s orbit results in 
the equation of the centre of the Sun - which is converted into time at 
the rate of 15° per hour or 6° per ghatika. This rate of conversion is 
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due to the fact that the Earth rotates about its axis at the rate of 360° 
in 24 hours (or 60 ghatikas). The resulting amount in time units is 
the equation of time caused by the eccentricity of the Earth’s orbit. 
Thus, 

equation of time (due to the eccentricity) 

= [(equation of centre of the Sun) / 15] hours 
= [(equation of centre of the Sun) / 6] ghatikas 

Now, to get the bhujantara correction for the Sun or the Moon or 
any other planet, the equation of time obtained above must be multiplied 
by the motion of the planet per hour or per ghatika, as the case may be. 
That is, 

bhujantara correction for a planet 
= [equation of time in hours] X [(daily motion) / 24] 

= (equation of the centre of the Sun) / 15 X (daily motion) / 24 
= (equation of the centre of the Sun) X (daily motion) / 360 

where the factors in the numerator are in degrees. 

If the time unit used is ghatika, then, 

bhujantara correction 

= (eqn. of time in ghatika) X (daily motion / 60) 

= [(eqn. of centre of the Sun in degrees) / 6] 

X [(daily motion of the planet) / 60] 

= [eqn. of centre of the Sun in degrees] 

X [daily motion of the planet] / 360 

where the daily motion of the planet is in degrees, then bhujantara 
correction is also in degrees. 

However, if the daily motion of the planet is in minutes of arc, then 

bhujantara correction in degrees 

= (eqn. of centre of the Sun in degrees) 

X (daily motion of the planet in minutes) / 21600 

Further, the bhujantara correction is additive or subtractive 
according to whether the equation of the centre of the Sun is similar 
or not. 
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For example, in the case of the Moon, its mean daily motion is 
13.176352° or 790.58112'. Therefore, we have, 

bhujantara correction (mean) 

= (eqn. of centre of the Sun) X 790.58112' / 21600' 

= eqn. of centre of the Sun / 27.321674 

Note: Brahmagupta takes the denominator approximately as 27 in his 
Khandakhadyaka. 

It is important to note that to obtain the actual (and not the mean) 
bhujantara correction of a planet, we have to use the true daily motion 
of the planet for the given day. 

Example: Find the bhujantara corrections for the longitudes of the 
Sun and the Moon on March 22, 1991. 

True daily motion of the Sun : 59.65' 

True daily motion of the Moon : 855.23' 

Equation of the centre of the Sun : +2°7'32"= 127.53' 

Therefore, we have, 

(i) Actual bhujantara correction of the Sun 

= (eqn. of the centre of the Sun) X 

(daily motion of the Sun) / 21600' 

= 127.53' X 59.65' / 21600' 

= 0.3521835' 

= 0 ' 21 ". 

Since the equation for the centre of the Sun is additive, the 
bhujantara correction is also additive. Therefore, 

True longitude of the Sun = 336°59'02" + 0'2l" 

= 336*59'23" 

(ii) Actual bhujantara correction of the Moon 

= (eqn. of centre of the Sun) 

X (daily motion of the Moon) / 21600 
= 127.53' X 855.23' / 21600' 

= 5.0494205' = 5'3" 
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Here, also, the correction is additive since the Sun’s equation of 
centre is so. Therefore, 

Longitude of the Moon = 45°59'36" + 5'03" 

= 46°04'39" 

Note: A computer program, “SSRAMOON”, based on the Surya- 
siddhanta is provided after Chapter 12. 

8.6 Further Corrections for the 
Moon 

So far we have applied an important correction, 
namely, the equation of the centre to the mean position of the Moon. 
Besides this correction, the other two corrections applied, viz., 
desantara and bhujantara are mainly to determine the position of the 
Moon at true midnight at the place of observation. 

However, to get the true apparent position of the Moon, two more 
important corrections will have to be applied, ignoring of course the 
other minor corrections due to planetary disturbances. These are: 

(i) Evection = (15/4) m e sin (2^-0) 

= 76' 26" sin (2|-0). 

where m is the ratio of mean daily motion of the Sun to that of the 
Moon, e is the eccentricity of the Moon’s orbit, £ = (M- S), the 
elongation of the Moon from the Sun and <p = M- A, the mean 
anomaly of the Moon (A being the Moon’s apogee). 

(ii) Variation = 39'30" sin (2^) 

In the above formulae, S and M are respectively the mean longi¬ 
tudes of the Sun and the Moon. The Suryasiddhanta, being an 
earlier text, does not mention these corrections. However, Manjula 
(932 ad), Bhaskarall (1150 ad) and later Indian astronomers have 
recognized the evection correction in addition to the equation of 
the centre. 

Actually, the evection correction (combined with a part of the 
equation of centre) was first given, among the Indian astronomers, by 
Manjula (or Munjala, 932 ad) in his Laghumanasam. P.C. Sengupta 
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remarks, “In form the equation is most perfect, it is far superior to 
Ptolemy’s, it is above all praise.” 

Apart from the above three major equations of the moon, there is 
another important fourth equation called the annual equation. The credit 
for the discovery of this lunar equation, among Indian astronomers, 
goes to the Oriyan astronomer, Candrasekhara Samanta (19th cent.). 
It is noteworthy that Candrasekhara discovered this important correc¬ 
tion independently, since he was trained in the traditional and orthodox 
Sanskrit style and totally ignorant of English education or the western 
development of astronomy. Candrasekhara’s equation is 

Annual correction = (1l'27".6) sin (Sun’s anomaly) 

Tycho Brahe assumed the coefficient wrongly as 4'30" while 
Horrock’s (1639 ad) value is 11'5". 
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True Positions of the 
Star-planets 


9.1 Manda Correction for the 
Star-planets 

The mean positions of the planets, viz., Kuja, 
Budha, Budha’s slghrocca, Guru, Sukra, Sukra’s slghrocca and §ani 
were obtained, as explained in section 7.4, by assuming a uniform 
circular motion for them. Since by observations it was found that the 
motion of each planet is non-uniform, suitable corrections were devised. 
These are called manda and sighra corrections. 

The manda correction for the five planets is similar to that for the 
Sun and the Moon discussed in Chapter 8. The points S and S' in 
Fig. 8.1, now represent the true and the mean planet. 

The mandaphala in the case of a planet is given by 

Mandaphala = ( r/R ) (R sin m) 

where R sin m is the Indian sine of the planet’s anomaly m, r is the 
radius of the epicycle of “apsis” as distinguished from the epicycle of 
“conjunction” which will be discussed shortly. The radius r of the 
manda epicycle is a variable (see Table 9.1). 

Table 9.1 Peripheries of manda epicycles 

Periphery of manda epicycle 
Planet At the end of At the end of 



odd quadrants 

even quadrants 

Kuja 

72° 

75° 

Budha 

28° 

30° 

Guru 

32° 

33° 

Sukra 

11° 

12° 

Sani 

48° 

49° 
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The corrected periphery p for any given manda anomaly m is: 

P = Pc-(Pc-Pc) I sin m! 

where p e and p 0 are, respectively, the peripheries of a planet at the 
ends of even quadrants (i.e., at m = 180° and m = 360° or 0°) and at 
the ends of odd quadrants (at m = 90° and m = 270°); m is the manda 
anomaly of the planet given by 

manda anomaly = mandocca of the planet - mean planet 

For example, in the case of Kuja, the corrected periphery of the manda 
epicycle is given by: 

p = 75°-(75°-72°) | sin m| 

= 75° - 3° | sin m | 

The mandoccas of the five planets are given in Table 9.2 in terms of 
the revolutions completed in the course of a Kalpa. 

The mandoccas at the beginning of the Kaliyuga are also provided in 
Table 9.2. 


Table 9.2 Revolutions of mandoccas in a Kalpa and 
their positions at the beginning of Kaliyuga 


Planet 

No. of revns. in 
a Kalpa 

Mandocca at the 
beginning of Kaliyuga 

Kuja 

204 

4s 09°57'36" 

Budha 

368 

7s 10°19'l2" 

Guru 

900 

5s21°00'00" 

Sukra 

535 

2s 19°39'00" 

Sani 

39 

7s26°36'36" 


The method of calculating the mandocca of a planet on a given day, 
with ahargana A, using Table 9.2 is as follows: 

Mandocca 

= (mandocca at the beginning of Kaliyuga ) + 

(no. of revns. in Kalpa) X 360° X A / (no. of civil 

days in a Kalpa) 

Number of civil days in a Kalpa = 1577917828000 
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Examples: 

(i) Find the mandocca of Guru as on March 22, 1991. We have, for 
the given day, A = 1859872. 

According to Table 9.2, the number of revolutions of Guru 3 s mandocca 
in a Kalpa is 900 and its position at the beginning of the Kaliyuga is 
5s 21°. Therefore, 

Guru’s mandocca 

= 5s 21° + [900 X 360° X 1859872 / 1577917828000] 
= 5s21° + 0°23' = 5s 21° 23' 

(ii) Find the manda correction for Jupiter ( Guru) as on March 22,1991 
at the preceding midnight. 

Guru’s manda anomaly, 

m = Guru’s mandocca - mean longitude of Guru 
= (5s 21° 23')-(3s 18° 29') 

= 2s 2° 54' 

= 62° 54' = 62.9° 

Guru s corrected periphery of the manda epicycle, 

P = Pc-(P'-Pj I sin m | 

= 33° -(33° -32°) | sin (62.9°) | 

= 33°-1° | sin (62.9°) | 

= 32.109787° = 32 °6 '35 " 

Therefore, we have 

Guru’s mandaphala 

= 3438' X (p° / 360°) X sin m 
= 3438' X (32.109787° / 360°) X sin (62.9°) 

= 272.98239' 

= 4° 32' 59" 

Since Guru’s anomaly m is less than 180°, the mandaphala is additive. 
Note: In the Suryasiddhanta, the anomaly m of a planet is defined by 
m = Mandocca — mean planet 
and the corresponding mandaphala is additive for m < 180°. 
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But, generally, in other Siddhantic texts, m is defined as mean 
planet minus its mandocca. Accordingly, the resulting mandaphala is 
subtractive and additive, respectively, for m < 180° and m > 180°. 
However, the result is the same from both the methods in correcting 
the mean position of a planet by the manda equation. 

9.2 Sighra Correction for the 
Star-planets 

The sighra correction corresponds to the “elon¬ 
gation” in the case of Budha and Sukra from the Sun, and the annual 
parallax in the case of Kuja, Guru and $ani. 

The manda correction is applied to the mean longitude of a planet 
to get the “true-mean” position of the planet (mandasphuta graha). 

Now, the concept of the Sighra correction is explained with the help 
of Fig.9.1. 

Let the circle CDFG, with the Earth at the centre E, represent the 
kaksyavrtta (or deferent circle) of a planet. Just like the manda epicycle, 
a Sighra epicycle is prescribed with a specified variable radius for each 
planet. Let Cbe the centre of the Sighra epicycle of the planet. While C 
moves along the deferent circle, the planet moves along its epicycle. 
The epicycle in this case is called Sighra-nicocca-vrtta. Let CEFcut the 


u 



Figure 9.1 Sighra epicycle 
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epicycle at U and N which are, respectively, slghrocca and sighranica 
(slghra apogee and perigee) of the slghra epicycle. The centre Cof 
the epicycle moves along the deferent circle with the velocity of the 
corrected planet (mandasphuta graha) . Let the planet move from if 
to M along the epicycle so that arc if Mis equal to arc C'C. Join EM, 
cutting the deferent at M 1 . Then C' is the mandasphuta graha and AT 
is the true planet ( sphutagraha). 

Therefore, the correction to be made to the longitude of the “true- 
mean” planet (i.e., manda-corrected-planet) is the arc C'M* . The 
correction arc C'M 1 in angular measure, is called slghraphala. Now, 
in order to obtain an expression for the arc C' M 1 , draw C'L, C' P and 
MQ perpendiculars, respectively, to CE, EM and if E. 

The angle C'EC, which is the angle between the slghrocca and the 
mandasphutagraha, is called the slghra kendra or the anomaly of 
conjunction. 

From Fig. 9.1, we have 

C'L — R sin (slghra anomaly) 

EL = R cos ( slghra anomaly) 

Also, arc if M= arc C' C and angle if C'M = angle C'EC, and hence 
the triangles MC' Q and C'EL are similar. Therefore, 

MQ / MC' = C'L / C'E 

MQ = C'L X MC' / C'E 

= R sin (slghra anomaly) X Radius of epicycle / R 
= R sin (slghra anomaly) X Epicylic periphery / 360° 
= dohphala 

Again, from the above similar right-angled triangles, we have 

C' Q/ C' M = EL / EC' 

C'Q = EL X MC' / C'E 

= R cos ( slghra anomaly) X Radius of epicycle / R 
= R cos (slghra anomaly) X Epicyclic periphery / 360° 
= kotiphala 

Now, sphutakoti 

EQ = EC' + C'Q = R+ kotiphala 
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The kotiphala is positive or negative according to whether the sighra 
anomaly is in the fourth and first quadrants (i.e. between 270° and 90°), 
or in the second and third quadrants (i.e. from 90° to 270°). 

Then, we have slghrakarna, 

EM = VIC? + MQ 2 = V(C'E + C'QV + MQ 1 ) 

the hypotenuse of the right-angled triangle MEQ. From the similar 
triangles EC P and EMQ, we have 

C'P/ C'E = MQ / EM 

CP= MQX EC'/ EM 

= (Dohphala X R) / Slghrakarna 

Then, the slghraphala arc C'M is the arc corresponding to C'Pas 
R sine (sighra anomaly). It is important to note that in the Surya- 
siddhanta, we have: 

Sighra anomaly = slghrocca - mean planet 

In the case of the superior planets, viz., Kuja, Guru and Sani, their 
slghrocca is the same as the mean longitude of the Sun. 

In the case of Budha and Sukra, their mean longitude is taken to be 
that of the Sun while their slghroccas are special points. In the Siddhantic 
texts while the revolutions of the other mean planets, in a Kalpa or a 
Mahayuga, are given, in the case of Budha and Sukra, the revolutions of 
their slghroccas are given. Thus, we have, according to the Suryasiddhanta : 

(i) For the superior planets, viz., Kuja, Guru and Sani, 

sighra anomaly = mean Sun - mean planet 

(ii) For the inferior planets, viz., Budha and Sukra, 

sighra anomaly = the planet’s slghrocca — mean Sun 

In both the cases, we have: 

R sin ( slghraphala) = (r / k) (7? sin m) 

where r is the corrected radius of the sighra epicycle of the planet, 
k is the sighra hypotenuse ( slghrakarna ) and R sin m is the Indian 
sine of the sighra anomaly m of the planet. It is important to note 
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that the radius rof the iighra epicycle is a variable as in the case of 
the manda epicycle. 

The peripheries of the tighra epicycles of the five star-planets are listed 
in Table 9.3. 

Table 9.3 Peripheries of Sighra epicycles 
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The corrected periphery of Budha’s Slghra epicycle is: 

P = Pe-(P'-Po) |sin m| 

= 133°-(133°- 132°) (0.9987) 

= 132.0013° or 132° 0' 4".7 

(ii) In the case of Sani, we have its Sighra anomaly, 

m = Sighrocca of &ani - mean Sani 
= mean Sun - mean $ani 
= 334°5l'30"-272°49'04" 

= 62°02'26" = 62.0406° 

The corrected periphery of Nani’s Sighra epicycle p is, 

p= 39°-(39°-40°) | sin 62.0406° | 

= 39° + (1°) (0.88328) 

= 39.88328° = 39°53' 

The Sighra anomaly and the corrected sighra periphery for the remain¬ 
ing planets can also be calculated. 

9.3 Working Rule to Determine 
the Sighra Correction 

After finding the Sighra anomaly m and the 
corrected periphery p of the sighra epicycle for a planet, the sighra 
correction is determined as follows (with R = 3438): 

(i) Dohphala = (p° / 360°) X R sin (m) 

(ii) Kotiphala = (p° / 360°) X R cos ( m ) 

(iii) Sphutakoti = R ± kotiphala 

where the positive or the negative sign is taken according to 
whether m lies between 270° and 90° or between 90° and 270°. 

(iv) Sighrakarna (or sighra hypotenuse) 

= V( sphutakoti ) 2 + (dohphala) 2 

(v) Then, we have 

R sin ( sighraphala ) = (dohphala / sighrakarna) X R 
and sighraphala = sin -1 (| dohphala / sighrakarna \) 
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(vi) The sighraphala is additive or subtractive according to whether 
the slghra anomaly is less than 180° or greater than 180°. 

From the above working rule, we have: 

Sphutakoti = R ±(p/360) R cos m 
= R [1 ± (p/360) cos m] 

Dohphala = (p/360) R sin m 

Sighrakarna 



= R\/{p 2 / 360 2 ) ± 2(p / 360) (cos m) + 1 
Therefore, we have 
Sighraphala 

= shr'[[(p / 360) (sin m)] / V(p 2 / 360 2 ) ± 2(p / 360) (cos m) + 1 ] 
= sin~'[rsin m / Vr 2 ± 2rcos m + l] 
where r = (p / 360°) is the corrected radius of the epicycle. 

In the above formula, for the alternative ±, the positive sign should 
be used if m is greater than 270° but less than 90° (i.e., 270° < m < 
360° or 0° < m < 90°); and the negative sign if 90° < m < 270°. 

Example: Find the slghra correction for Budha and $ani at the mid¬ 
night preceding March 22, 1991, at Bangalore. 

As calculated earlier, we have the following values for the slghra 
anomaly and the corrected epicycle: 

Budha s corrected periphery, p = 132.0013° 

Budha ’s slghra anomaly, m= 92.921° 

Nani’s corrected periphery, p = 39.88328° 

Sani’s slghra anomaly, m = 62.0406° 

(1) SIGHRA CORRECTION FOR BUDHA: 

(i) Dohphala = (132.0013 / 360) X 3438' X sin (92.921°) 

= 1258'.97456 
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(ii) Kotiphala = (132.0013 / 360) X 3438' X cos (92.921°) 

= -64.23953' 

(iii) Sphutakoti = 3438'- 64.717731' = 3373.76047' 

(iv) Sighrakarna = V(3373.76047') 2 + 1258.97456') 2 

= 3601.0105' 

(v) R sin (slghraphala) = 1258.97456' X 3438' / 3601.0105' 

= 1201.9833' 

Therefore, 

Slghraphala = sin -1 [1201.9833 / 3438] 

= 20.463892° 

= 20° 27' 50" 

Since the sighra anomaly, m = 92.921° is less than 180°, the sighra 
correction is additive, 

i.e., sighra correction = + 20°27'22" 

(2) SIGHRA CORRECTION FOR SANI: 

(i) Dohphala =(39.88328 / 360) X 3438' X sin(62.0406°) 

= 336.4284' 

(ii) Kotiphala = (39.88328 / 360) X 3438' X cos (62.0406°) 

= 178.57648' 

(iii) Sphutakoti = 3438' + 178.57648' = 3616.5765' 

(iv) Sighrakarna = V(33.4284') 2 + (3616.5765') 2 

= 3632.1907' 

(v) R sin (Slghraphala) = 336.4284' X 3438' / 3632.1907' 

= 318.44166' 

Therefore, 

Slghraphala = sin' 1 [318.44166 / 3438] 

= 5.3145878° 

= 5°18'53" 

Since the sighra anomaly, m = 62.0406° is less than 180°, the cor¬ 
rection is additive. 

Sighra correction = + 5°18'53". 



112 Indian Astronomy: An Introduction 

9.4 Application of Manda and 
Sighra Corrections to the 
Star-planets 

In the case of the five star-planets, viz., Budha, 
Sukra, Kuja, Guru and &ani, the manda and sighra corrections are 
applied successively one after the other, according to the prescribed 
rules, to get the true position of the planet. In fact, though the prescribed 
rules slightly differ from text to text, essentially the application is an 
iterative process for getting a convergent value as the true position. 

The Suryasiddhanta gives the following procedure to apply the 
manda and the sighra corrections successively. 

1“ Operation: 

To the mean planet add half of the sighra correction. Let MP be the 
mean longitude of the planet (after desantara correction) and SE, be 
the sighra correction calculated for MP. Then, the position of the planet 
after the first operation is given by 

E, = MP + (Vi) SE , 

2 1 " 1 Operation: 

To the position thus obtained from the I s1 operation, add half of the 
corresponding manda correction. 

For the first corrected position P,, assume the corresponding manda 
correction to be ME,. Then, the position of the planet after this second 
correction is given by 

P 2 = P, + (Vi) ME , 

3 rd Operation: 

From the position thus corrected, find the manda correction and apply 
it entirely to the original mean position of the planet. 

Thus, the manda correction ME 2 is determined corresponding to 
the twice-corrected position of the planet, namely P 2 and then it is 
applied to the original mean position MP of the planet. That is, the 
position after the 3 rd operation is given by 

P 3 = MP + ME, 
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where the manda correction ME 2 is calculated taking P 2 as the 
mean-planet. 

Finally, the 4 th operation is effected to get the true position of the 
planet. 

4 th Operation: 

From the position of the planet obtained after the 3 rd operation, find 
the sighra correction and apply the whole of it to the above. 

This means that the sighra correction SE 2 , obtained from the 
position P 3 of the planet, is applied entirely to P 3 . The position P 4 after 
this 4 th correction is, therefore, given by 

P 4 = P 3 + SE 2 

Note: (1) The above four operations may be repeated in the same 
order, treating P 4 as the new mean position of the planet. A repeated 
application of this cycle of four operations refines the position of the 
planet, iteratively by successive approximations. (2) A computer 
program, “SSPLA” is provided after chapter 12. 

Example: Find the true position of Sani, by applying the four opera¬ 
tions of the manda and sighra corrections, for the midnight preceding 
March 22, 1991, at Bangalore. 

We have already calculated the following: 

Mean longitude of Sani (MP) 

(after desantara correction) : 

Mean longitude of the Sun : 

Corrected periphery of Sani’s 
sighra epicycle 

Sighra anomaly of Sani : 

1" Operation: 

We found in section 9.3 that for the mean position MP of Sani, the 
Sighra equation = +5°18'53" = SE { 

Therefore, after the 1 st correction, Sam s position P, is : 

P x = MP t (Vi) SE X 

= 272°49'04"+ 2°39'27" = 275°28'3l" 


272° 49' 4" 
334° 51' 30" 

39.88328° 

62.0406°. 
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2 nd Operation: 

The position of Sani after the 2 nd operation, P 2 , is given by 

P 2 = P, + (Vi) ME, 

where ME, is the manda correction corresponding to the first cor¬ 
rected position P, of $ani. 

We have for the given day, the Kali ahargana A = 1859872. Using 
Table 9.2, 

Sani’s mandocca 

= (7s 26°36'36") + (39 X 360° X 1859872 / 1577917828000) 
= 7s26°37'36" 

Therefore, Sani’s manda anomaly, 

m = Nani’s mandocca - mean longitude of Sani 
= 7s26°37'36"-9s24°90'4" 

= 10s23°48'32" 

= 323.8089° 

Nani’s corrected periphery of the manda epicycle, 

p = 49° - (49° - 48°) | sin 323.8089° | 

= 48.40952° 

Therefore, 

Sani’s mandaphala 

= 3438' X (48.40952° / 3601) X sin (323.8089°) 

= -272.98549° 

i.e., ME, = -4°32'59" 

It is negative since m > 180°. 

Therefore, the position of Sani after this second operation is given 
by 

P 2 = P, + (Vi) ME, 

= 275°28'3l" — (V2) (4°32'59") 

= 275°28'31"-2°16'30" 

= 273°12'01" 
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3 rd Operation: 

The position after the 3 rd operation is given by 

P 3 = MP + ME 2 

where MP = 272°49'04", the mean longitude of Sani, and ME 2 is the 

manda correction obtained for the last corrected position P 2 . 

Now, Sam s new manda anomaly, 

m = Sani’s mandocca — P 2 
= 236°37'36"-273°12'0l" 

= 323°25'35" = 323.426389° 

Sams corrected periphery of the manda epicycle: 

p= 49° — 1° X | sin (323.426389°) | 

= 48.404145° 

Therefore, Sam s mandaphala (new): 

ME 2 = (3438' X 48.40145° / 360°) X sin (323.426389°) 

= -275.4397' = -4°35'26" 

The position of Sani after this third operation is, therefore, given by 

P 3 = MP + ME 2 

= 272°49'04" — 4°35'26" 

= 268°13'38" 

4 lh Operation: 

Finally, in the last correction SE 2 , the second slghra correction is 

determined for the last corrected position, i.e., P 3 and applied to the 

same. Thus, the 4 th corrected position P 4 is given by, 

P 4 = P 3 + SE 2 

The new slghra anomaly of Sani, 

m = slghrocca of Sani - P 3 
= 334°5l'30" - 268°13'38" 

= 66°37'52" 

= 66.63111° 
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The corrected periphery of Sam s slghra epicycle p is given by, 

p= 39° + 1° X | sin 66.63111° | 

= 39.9179701° or 39°55'05" 

Next, we shall calculate the dohphala, kotiphala, sphutakoti and 
sphutakarna to obtain the resulting slghraphala. 

(i) Dohphala = (p°/ 360°) X R X sin (m) 

= (39.9179701 / 360) X 3438' X sin (66.63111°) 

= 349.94546' 

(ii) Kotiphala = (p° / 360°) X R X cos ( m) 

= (39.9179701 / 360) X 3438' X cos (66.63111°) 
= 151.20939' 

(iii) Sphutakoti = R + kotiphala = 3589.2094 

(iv) Sighrakarna = V (Sphutakoti) 2 + {Dohphala) 2 

= V(3589.2094) 2 + (349.94546) 2 
= V12882424.12 + 122461.82 
= 3606'.2288 

(v) Slghraphala = sin 1 (| dohphala / sighrakarna |) 

= sin-‘( j 349.94546 / 3606.2288 |) 

= 5.5686983° 

= + 5° 34' 07" = SE 2 

Since the slghra anomaly is m = 66.63111° < 180°, the slghra 
correction is additive. 

Therefore, the finally corrected true longitude of Sani is: 

P A = Py + SE Z 

= 268°13'38" + 5°34'07" = 273°47'45". 

9.5 True Daily Motions of 
Star planets 

The mean daily motions of the five star-planets, 
viz., Kuja, Budha’s slghrocca. Guru, Sukra’s sighrocca and Sani, are 
obtained assuming their uniform motion. However, due to the manda 
and slghra corrections, the motions are not uniform. Therefore, to get 
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the true daily motion of a star-planet, we have to apply the following 
corrections. 

According to the Suryasiddhanta, the following procedure is pre¬ 
scribed for obtaining the true daily motion: 

(1) To the mean daily motion n of the planet, apply the correction due 
to manda, which is similar to the one applied in the case of the Sun 
and the Moon (see section 8.4). 

For this purpose, from the third operation in the process of 
obtaining the true position, the planet’s longitude P 2 and the 
equated manda anomaly may be used. From this, we get the 
planet’s manda -corrected daily motion n,. 

(2) From the planet’s sighrocca mean daily motion n 2 , subtract the 
planet’s manda-corrected daily motion n ] (obtained from the 
previous step). This gives the planet’s equated daily synodical 
motion (n 2 - n,). Note that in the case of Kuja, Guru and Sani, 
their sighrocca is the mean longitude of the Sun. 

(3) Let kbe the sighrakarna (hypotenuse) of the planet used in the last 
operation for finding the true position. 

The excess of the sighrakarna over the radius of the deferent circle 
is given by 

excess = (sighrakarna - radius) = (sighrakarna — 3438') 

where sighrakarna is in minutes of the arc, i.e., excess = ( K-R ). 

Then, the correction due to slghra to n for getting the true daily 
motion of the planet is ascertained by 

slghra correction = (Excess / sighrakarna) X 

(Equated syn. motion) 

= (k — R)[n 2 — n t ) / k 

The slghra correction, thus obtained, is additive or subtractive 
according to whether the slghra anomaly of the planet is less than or 
greater than 180°. 

The slghra correction, thus obtained, is applied to the planet’s 
equated daily motion obtained earlier; that is, 

true daily motion = n, + [(k^~ R)(n 2 - n,) / k]. 



118 Indian Astronomy: An Introduction 


Example: Find the true daily motion of §ani at the midnight preceding 
March 22, 1991. 

The mean daily motion of $ani : 0.0334393° i.e., n = 0°2'0" 
Mean longitude of Sani 

(after desantara cor.) : 272° 49'04" 

Mean longitude of sighrocca 

(i.e., the mean Sun) : 334°5l'30" 

Mandocca of Sani : 236°37'36" 

In the third operation for ascertaining the true position of $ani, 
we had obtained: 

Sani’s equated longitude (P 2 ) : 273° 12'01". 

Therefore, Sams equated manda anomaly, 
m = mandocca - P 2 

= 236°37'36"-273°12'0l" = 323° 25' 35" 

Tabulated difference of sines : 183' (for 360° - 323° 25' 35" = 36° 
34' 25", see Table 8.2 between SI. nos. 9 and 10). 

The corrected periphery of Sani’s manda epicycle is given by 

P = P e -(P*-Po) | sin m j 
= 49°-1° | sin (323°25'35") | = 48.404145° 

Therefore, we have the correction to Sam s motion (due to manda ) 

= n X p° X Tab. sin diff. / (360° X 225') 

= 2' X 48.404145° X 183' / (360° X 225') 

= 0.218715' 

= 13" 

Since Sam s manda anomaly, m = 323°25'35", lies in the 4 lh quadrant, 
the manda correction to the daily motion is subtractive; i.e., the 
correction to the daily motion due to manda is -13". 

Now, the mean daily motion of Sani, n = 0° 2' 0" 

the manda correction is -13" 

Hence, Sani’s manda- corrected daily motion n, : 0° 1 '47" 
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Now, the mean daily motion of slghrocca n 2 

(i.e., daily motion of the Sun) : 59'08" 

Deduct Sani’s manda-corrected motion : —1'47" 

Therefore, Sam s equated daily synodical 

motion (n 2 -n,) : 57'21" 

The variable hypotenuse used in the last process for finding the 
true place of Sani, k = 3606.2288'. 

Its excess over the deferent radius ( = 3438') is: 

k-R = 3606.2288' -33438 = 168.2288' 

Therefore, the equation of motion due to sighra is given by 

sighra cor. = (excess / slghrakarna) X (equated syn. motion) 

= (k-R) ( n 2 - /i,) / k 
= (168.2288' / 3606.2288') X 57.35' 

= 2.6753493' = 2' 40" 

Since the variable hypotenuse is greater than the radius, the correction 
is additive, i.e., sighra correction = +2'40". Hence, 

Sani’s equated daily motion 

(i.e., manda correction) : 1'47" 

Sighra correction : +2' 40" 

Hence, Sant s true daily motion : 4'27" 

Note: If n, is the mean daily motion of the planet after the manda 
correction, n 2 is the mean daily motion of the planet’s sighra, k is the 
hypotenuse ( slghrakarna ) in the last operation of finding the planet’s 
true position and I? = 3438' is the constant radius of the deferent circle, 
then, 

true daily motion = [n, + (n 2 - n,) (k- R) / k] 

which, on simplification, can also be written as: 

True daily motion = [n 2 - (n 2 - n^R / k] 

In the case of Budha and Sukra, the Sun is their mean position 
and their slghroccas are separately obtained along with the mean 
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positions of the other planets. Therefore, in the above formula, n 2 is 
the sighrocca’s daily motion and n, is the manda-corrected daily 
motion of the concerned planet (Budha or Sukra), which is the same as 
that of the Sun. 


9.6 Retrograde Motion of 
Star-planets 

The star-planets move from west to east, relative 
to the fixed stars, as seen from the Earth due to their natural motion. 
However, during certain periods each of these planets appears to 
move backwards, i.e., from east to west. Their celestial longitudes 
keep on decreasing instead of increasing, day by day, for some 
time. This apparent backward motion is called vakragati (retrograde 
motion). 

The phenomenon of retrograde motion is caused by the difference 
in the velocities of the Earth and the planet, i.e., the relative velocity. 
This phenomenon is demonstrated in Fig.9.2. 



Figure 9.2 Retrograde motion of Kuja 


In Fig. 9.2, the motion of Mars (Kuja) relative to the Earth is shown 
in the heliocentric model. The Earth’s linear speed is 18.5 miles per 
second while that of Mars is 3.5 miles less, i.e., 15 miles per second. 
As the Earth overtakes Mars, the latter appears to move backwards, 
when seen from the Earth. The direct motion of Mars eastward is shown 
at positions 1,2 and 3, retrograde at 4 and 5 westward and again direct 
motion eastward at 6 and 7. 
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The rule for determining the retrograde motion of a planet is given 
in Suryasiddhanta as follows: 

The retrograde motion (vakra gati ) of the different star-planets 
commences when the slghrakendra (i.e. slghra anomaly), in the fourth 
process of determining true positions, is as follows: 

Kuja 164° 

Budha 144° 

Guru 130° 

Sukra 163° 

&ani 115° 

That is, the retrograde motion of Kuja, for example, commences when 
the sighrocca (i e.. Sun) - Kuja = 164°. 

The point at which the motion of a planet changes from direct to 
retrograde is called a “stationary point ”. The planet remains retrograde 
for some days and then, again, its motion changes from retrograde to 
direct. This point of change is the second stationary point. At both the 
stationary points the planet has no apparent motion (i.e., the relative 
velocity is zero). 


9.7 Rationale for the Stationary 
Point 

In Fig. 9.3, let Mbe the mean planet, Pbe the 
true planet on the epicycle of radius p, E be the Earth and 5 the Sun. 
If n is the mean daily motion of the Sun, let t be the number of days 
since the Sun S was at the first point of Mesa, PMK = 6 and P&M = E, 
then the celestial longitude L of the planet is given by 

L = nt-0 + E 

where nt is the longitude of the Sun. Therefore, 

dL/ dt- n-S / dt+ dE / dt ... (1) 

Let PM = p and EM = r, where the radii p and r are constants. In 
Fig. 9.3, we have MA = p cos 6 and PA = p sin 6. Therefore, 

EA = EM + MA = r + p cos 9 
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Figure 9.3 Stationary points 
and hence 

tan E = PA / EA = p sin 6 / (r + p cos 0) 
so that 

E = tan -1 [p sin 6 / (r+ p cos #)] 

Differentiating this expression with respect to t we get, 

dE / dt = (d6 / dr) [p 2 + r p cos 0] / [r 2 + p 2 + 2r p cos"9] 

... (2) 

Substituting (2) in (1), we get 

dL / dt= n-{d6 / dt) [(r 2 + rp cos 0) / (r 2 + p 2 + 2rp cos 0)] 

... (3) 

If n is the mean daily motion of the Sun and n' is that of the planet and 
a is a suitable constant, then 

0 = (n- n') (t + ) 

so that 

d9 / dt = {n - n ) ... (4) 

Substituting (4) in (3), we get 

dL / dt = [np 2 + n'r 2 + rp (n + n) cos 0] / [r 2 + p 2 + 2rp cos 0] 
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At the stationary point where the retrograde motion begins, 
dL/ dt= 0 
Therefore, 

n p 2 + n i 2 + rp (n + n') cos 0 = 0 
so that, 

cos 0 = - ( np 2 + n'l 2 ) / p r(n + n) 

For example, in the case of Kuja, considering the mean values, we 
have n = 0.98560265°, n = 0.5240193°, p = 233.5°, r = 360°. 
Here, p and r are taken as peripheries of the planet’s sighra epicycle 
and of the mean orbit, which are proportional to their radii. Substituting 
these values, we arrive at 

-[0.98560265 (233.5) 2 + 0.5240193 (360) 2 ] 

cos 0 = - 

[(233.5) (360) (1.5096219)] 

= - [53737.271 + 67912.901] / [126898.82] 

= -121650.17 / 126898.82 =-0.9586391 

Therefore, 

0 = 180°-cos' 1 (0.9586391) = 163.4636° 

The Suryasiddhanta has taken this as 164°. 

The other stationary point is given by 360° - 0 , noting that 

cos 0 = cos (360° - 0 ) 

In the above example, since 6 = 164° according to the Surya¬ 
siddhanta, the second stationary point is 360° — 164° =196°. This 
means that Kuja will be retrograde during the period when its 
slghrakendra (or sighra anomaly) lies between 164° and 196°. Similarly, 
the corresponding limits for other planets can be calculated. 

REMARK: 

According to modern astronomy, the stationary value of the angle 0 
is given by 

cos 6 = - [a Vl b Vl ] / [ a — a Vl b Vl + b ] 
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where a is the mean distance of the planet from the Sun, and b is the 
mean distance of the Earth from the Sun. Now, taking b as one 
astronomical unit, we have 


cos 0 = - [a' /2 ] / [a- a A + 1J 

where a is the mean distance of the planet from the Sun, in astrono¬ 
mical units. 

Note: 1 astronomical unit = Earth’s mean distance from the Sun. 

Table 9.4 gives the stationary values of 6, according to different 
Siddhantic texts as compared to the modern values. 

Table 9.4 Stationary points for planets 


Planet 

Mean distance 
a in ast.unit 

e 

Modern 

e 

Surya- 

siddhanta 

e 

Bhaskara 

& Lalla 

e 

Brahma¬ 

gupta 

Kuja 

1.52369 

163.215° 

164° 

163° 

164° 

Budha 

0.3871 

144.427° 

144° 

145° 

146° 

Guru 

5.20256 

125.565° 

130° 

125° 

125° (RSI 
130° (KK) 

Sukra 

0.7233 

167.005° 

s; 

o 

165° 

165° 

Sani 

9.55475 

114.466° 

115° 

113° 

116° 


Note: Brahmagupta has given the stationary value of 6 for Guru as 
125° in the Brahmasphutasiddhanta (BS) and as 130° in his Khanda- 
khadyaka ( KK ). 

The stationary points 0 , given in Table 9.4, are those at which the 
respective planets change their motion from direct to retrograde, i.e., 
the beginning of the retrograde motion (vakrarambha). The other 
stationary points, where the retrograde motion ends (vakratyaga), are 
given by (360° -6). 

It is noteworthy that Bhaskara II gives the correct value 0 = 167° 
for Sukra in his Karana Kutuhalam. 
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9.8 Bhujantara Correction for 
Star-planets 

As we have noted, in section 8.5, the true midnight 
at a place differs from the mean midnight by an amount of time called 
the “equation of time”. 

The correction to the celestial longitude of a planet, due to the role 
of the equation of time caused by the eccentricity of the Earth’s orbit is 
called the bhujantara correction. 

As pointed out earlier, in section 8.5, in the case of the five star- 
planets also, 

bhujantara correction 

= (eqn. of centre of the Sun)(daily motion of the planet) / 360° 

where the equation of centre is in degrees. 

If the daily motion of the planet is in minutes of arc, then, 

bhujantara correction (in minutes) 

— (eqn. of centre in min.)(planet’s daily motion in min.)/21600 

ExsStaple: Find the bhujantara correction for Sani at the midnight 
preceding March 22, 1991, at Bangalore. 

We have, for the given date and time, 

The Sun’s equation of the centre = +2°7'32" = 127.53' 

Sani’s true daily motion = 4'27" = 4.45' 

Therefore, 

bhujantara correction = (127.53') (4.45') /21600' 

= 0.0262735' 

= 1.576" 

In fact, if the mean daily motion of §ani, viz., 2' is taken, then the 
bhujantara correction would be 0.7085". Either way, this correction 
is negligible for most of the planets. However, in the case of the Moon 
the bhujantara correction is quite pronounced. 



_ 10 

Tripragna —Direction, 
Place and Time 

10.1 Introduction 

In all Indian astronomical texts, the subject of 
finding directions, place and time from the shadow of the gnomon 
( sankucchaya ) occupies an important place. Usually, this chapter in 
these texts is called Triprasnadhikara. 

10.2 Determination of the 
North-South line 

Suppose O is the position of the gnomon (a ver¬ 
tical pole of a fixed height, sahku). Draw a circle with O as the centre 
(see Fig. 10.1). 

Let Wj be the point where the shadow of the gnomon enters into the 
circle in the forenoon, and E t be the point where the shadow passes 
out of the circle in the afternoon. This means W ] and Ej are the points 


E 



Figure 10.1 North-South line 
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where the end of the shadow of the gnomon ( sankucchayagra ) meets 
the circle in the forenoon and the afternoon, respectively. Join E l W r 
The line E { W x is directed from east to west. 

With E x as the centre and with a radius greater than (V 2 ) E x W, draw 
an arc of a circle; and with W x as centre and the same radius draw 
another arc cutting the former arc at the points N x and S,. Join N, and 
5,; let the line IV, S, cut the circle at N and S and the line through O, 
drawn parallel to £, W,, at E and W. Then E, W, N and S are the east, 
west, north and south directions with respect to O. However, since the 
declination of the Sun changes during the day, EW is not the exact 
east-west line always. Only on the two solstitial days, December 22 
and June 22, EW represents the exact east—west line, because the 
change in declination on those days is negligible. 

10.3 Finding the Latitude and 
Co-latitude of a Place 

Usually, a gnomon is a vertical, cylindrical pole 
of a length of 12 aiigulas (inches) with graduations at equal distances 
marked on it. However, the gnomon can be of any length, preferably 
quite long with many graduations for obtaining fairly accurate results. 

The shadow of the gnomon at the noon of a place on the equinoctial 
day (i.e., March 22 or September 23) is referred to as the equinoctial 
midday shadow of the place. 

Let OYbe the gnomon erected at O (the local place), perpendicular 
to the plane of the horizon (Fig. 10.2). 

Let RD be perpendicular to the plane of the horizon and YX parallel 
to RO. From the two similar, right-angled triangles YOX and RDO, we 
have 


DO / OX= RD 1 YO= RO / YX 

But, 

RO = R, the radius of the celestial sphere, 
OYX = DRO = (p, latitude of the place, 
OX = s, length of the shadow 
OY = g, length of the gnomon 


(1) 
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Figure 10.2 Latitude of a place 

YX = Vg 2 + s 2 (from the triangle OAT) 

DO — R sin (p 

RD = R sin (90° -(f)) = R sin C 

where C = (90° - (p) is the “co-latitude” of the place. Substituting 
these in (1), we get 

R sin (f) / s = (J? sin C) / g = R / Vg 2 + s 2 


or 

f? sin C = g R / Vg 2 + s 2 ... (2) 

and, 

R sin (f) = s R / Vg 2 + s 2 ... (3) 

Dividing (3) by (2) and noting that sin C = cos (j >, we get 

tan <j> = s / g ... (4) 


10.4 Rising and Setting Points 

OF THE Sun (VARIATION WITH 
DECLINATION) 

Since the declination <5 of the Sun varies in the 
course of the year, the rising and setting points of the Sun also go on 
changing during the year. 
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The Sun remains in the southern hemisphere of the celestial sphere, 
with respect to the celestial equator, for half the year. Then, the Sun’s 
declination is said to be southern and it is at its maximum around 
December 22. This is the time of the winter solstice for observers in 
the northern hemisphere of the Earth (and the summer solstice for 
those in the southern hemisphere). From that day onwards, the Sun 
takes a northern course (or uttarayana). It crosses the celestial equator 
and enters the northern hemisphere. Around March 22, its declination 
changes from south to north ((5 = 0 on the celestial equator). This 
point of crossing the celestial equator is called the spring equinox (for 
those in the southern hemisphere of the Earth, it is the autumnal 
equinox). The word “equinox” means equal day and night. At the spring 
and autumnal equinoxes (i.e., March 22 and September 23), the 
durations of the day and the night are equal throughout the world. 

For the remaining half of the year, after March 22 the Sun’s 
declination remains northern (positive) and attains the maximum 
around June 22, the summer solstice (for those in the southern hemi¬ 
sphere, it is the winter solstice). Then, the Sun starts its southward 
journey ( daksinayana ). The maximum declination of the Sun is about 
23°27', northern (+ve) on June 22 and southern (-ve) on December 22. 

Connecting the azimuth A, altitude a, declination (5 and the latitude 
(p of the place, we have the relation: 

cos A = (sin d - sin (p sin a) / cos (p cos a ... (5) 

When the Sun is rising or setting, its altitude (above the horizon) is 
zero, i.e., a = 0. Using this in equation (5), we get 

[cos A] risingor = sin <5/ cos (p ... (6) 

setting 

or 

azimuth at rising or setting, 

A — cos~‘[sin<5 / cos (p] 

Example: Calculate the points of sunrise and sunset on May 15 th , Sep¬ 
tember 15 th , and January 15 th of the year 1970 at Bangalore (<p = 13° N), 
given the declinations of the Sun for those days as 18°47' N, 3° 10' N 
and 21° 11' S, respectively. 
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(i) ON MAY 15™ 

d = + 18°47',0 = 13°, so that 

cos A = sin (+1 8°47') / cos 13° 

= 0.3219903 / 0.97437 = 0.33046 
A = 70° 42' 11" 

That is, the Sun rises at the point 70°42'lT', from the north point 
eastward (or about 19°18' towards the north of the due east). 

(ii) ON SEPTEMBER 15™ 

6 = 3°10'N, (j) = 13°, so that 

cos A = sin (+3°10') / cos 13° 

= 0.0552406 /0.97437 = 0.566936 

so that 

A = 86°44'59" 

i.e., the Sun rises at the point 86°45' eastward from the north and sets 
at the point 86°45' westward from the north (or rises and sets 3°15' 
northwards respectively from the east and the west points). 

(iii) ON JANUARY 15™ 

<5 = —21°11', 0 = 13°, so that 

cos A — sin (—21° 11') / cos 13° 

= -0.3613533 I 0.97437 
= -0.3708584 
= cos(180° - 68°13'53") 


so that 

A =111°46'07" 

i.e., the Sun rises at the point 111°46' eastward from the north point; 
this is, 21°46' away from the due east towards south. 

Note: (i) For places on the equator, 0 = 0, in which case the azimuth 
of the rising or setting Sun is given by 

cos A = sin (5 = cos (90° - (3) 
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or 

A = 90° —3 

(ii) On March 22, 3 = 0, and hence A = 90°; i.e., the sunrise takes 
place exactly at the east point. The same is the case on September 23. 


10.5 Times of Sunrise and Sunset 
If His the hour angle, we have 

cos H = (sin a - sin 0 sin (5) / cos 0 cos 3 ... (7) 

At the times of sunrise and sunset, the Sun’s altitude, a = 0, so that (7) 
becomes 

cos H = — tan 0 tan <5 ... (8) 

On a given day at a given place, the Sun’s declination 3 and the latitude 
of the place 0 are known. From these, the hour angle H of the Sun at 
rising or setting can be determined. 

The hour angle H is expressed in units of time (hours, minutes, 
seconds) at the rate of 15° per hour. This time subtracted from the 
local mean noon (12’o clock) gives the time of sunrise (local mean 
time). Similarly, the same value added to the local mean noon gives 
the local mean time of the local sunset. 

The duration of the day = 2 HI 15 hrs and the duration of the night 
= 24 — (2 HI 15) hours, where His the hour angle (in degrees) obtained 
from (8). 

Example: Find the times of sunrise and sunset and also the duration 
of day and night at Bangalore (0 = 13°N) on May 15, given that the 
Sun’s declination is 18° 47'N. 

We have 

cos H = -tan ( + 13°) tan (+18°47') = -0.078519 
H = 95.503444° = 6h 18m 01s 

Therefore, we have 

(i) time of sunrise = 12h-6hl8m01s 
= 5h 41m 59s a.m. 
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(ii) time of sunset = 12h + 6hl8m01s 

= 6h 18m 01s p.m. 

(iii) duration of day, 2 H = 2 (6h 18m 01s) 

= 12h 36m 02s 

(iv) duration of night = 24h - 12h 36m 02s 

= llh 23m 58s 

Note: As pointed out earlier, for places in the northern hemisphere of 
the Earth, the duration of day is the longest, and the night shortest, on 
June 22. On that day, the declination of the Sun is maximum (23° 27' N). 
For places in the southern hemisphere, it is the other way round, i.e., 
on June 22, the duration of the day is shortest and that of the night is 
longest. On December 22 (<5 = 23° S 27'), the situation is reversed. 

Example: Find the durations of the longest day and the shortest night 
at London (latitude: 51° 32' N). 

We have the hour angle of the Sun, H, at the time of sunrise or sunset 
given by 

cos H = - tan (f) tan <5 

Here, (f> = + 51°32' and (5 = + 23°27', so that 

cos H = -tan(51°32')tan(23°27') 

= -(1.2586747) (0.4337751) 

= -0.5459817 

Therefore, 

H= 180°-56.908222° = 123.09178° 

= 12h-(3h 47m 37.9s) 

= 8h 12m 22.1s 

Therefore, at London, on June 22, 

(i) the local time of sunrise = 12h - (8h 12m 22) 

= 3h 47m 38s a.m. 

(ii) the local time of sunset = 12h + (8h 12m 22s) 

= 8h 12m 22s p.m. 

(iii) the duration of day, 2 H = 16h 24m 44s 

(iv) the duration of night = 24h - 2 H 

= 7h 35m 16s 
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10.6 The Rising of Signs of the 
Zodiac 

The point of the ecliptic rising at the eastern 
horizon at a given time at a place is called the lagna (or ascendant or 
the ecliptic orient point). 

In Fig. 10.3, T is the first point of Aries being one of the two points 
of intersection of the ecliptic with the celestial equator. Let A' be a 
celestial body (or a point). The meridian through X cuts the celestial 
equator at D. Then, by definition, the arc TD (= TPX) is the right 
ascension (R.A.) of X, measured eastwards from T, from Oh to 24h in 
the time units. The direction of measurement of the right ascension is 
opposite to that of the hour angle of X. From Fig. 10.3, we have 

arc RT = arc RD + arc TD 

where R is the intersection of the meridian of the observer with the 
celestial equator. Arc RD corresponds to ZPX which is the hour angle 
of X and arc RT corresponds to ZP T which is the hour angle of T. 

The hour angle of T, the first point of Aries, is called the Sidereal 
Time (S.T.), i.e., 

ZP’ Y 1 = PT = S.T. (measured westward) 

Thus, we have 

Sidereal time = Hour angle of T = Hour angle of X + R.A. of X 


z 



Figure 10.3 Right ascension and declination 
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or 

S.T. = H+ oc 

If the S.T. at any instant is known, the R.A. (i.e., a) of the celestial 
object Yean be determined from its hour angle Hand vice versa. Now, 
let us take Yas the point of the ecliptic intersecting the eastern (celestial) 
horizon. Then, at that instant, we have 

S.T. = Hour angle of Y 

= Hour angle of X + H.A. of X 

But, 

Hour Angle of X = -ZPX = -H t 

The negative sign is taken on the right side since X is to the east of Z. 

For the point on the ecliptic (latitude /3 = 0) at the time of its rising 
(altitude a = 0), we have: 

cos (H t ) = - tan 0 tan 3 ... (1) 

and 

sin oc = tan <5 cot £ ... (2) 

where (p is the latitude of the place and £ is the obliquity of the ecliptic 
(about 23° 27'). From (1) and (2), we get: 

S.T. = -cos“‘(-tan (p land) + sin' 1 (tan (3 / tan£) 

Therefore, the S.T. at the instant of the rising of the ecliptic point, 
having declination 3, can thus be calculated. 

In practice, one can determine the difference in sidereal times 
corresponding to the rising of two points of the ecliptic at the eastern 
horizon at a given place (latitude (p). This gives us the duration of 
each interval of the ecliptic (like rasi) rising in the eastern horizon. 

Example: Find the rising time of the first points of nirayana Mesa, 
Vrsabha, Mithuna, etc., on June 22, 1991, at Madras (latitude 13° N). 

The ayanamsa as on June 22, 1991 is 23°44'33" (according to the 
Indian Ephemeris). Let A,, A 2 , etc., be the (tropical or sayana) longi¬ 
tudes of the first points of Mesa, Vrsabha, etc., and (3,, S 2 , etc., be 
their declinations. 
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Then, we have: 

sin (5, =sinA[Sin£ ... (3) 

for i = 1, 2,...12 and £ = 23° 27'. Now, we have, adding 30" succes¬ 
sively, 

A, = 23°44'32", A 2 = 53°44'32", A 3 = 83°44'32" etc. 

Using these values of X i7 the corresponding values of (5j can be 
determined. 

(5, = 9°.21984, d 2 = 18°.71625, d 2 = 23°.30199 

Then, the hour angles of the first points are 

Hj= - cos -1 (-tan (j) tan <5j) in degrees 
If/,1 = cos -1 (-tan <p tan d) 

and the right ascensions are 

OC; = suT^tandjCOtf) 

so that the sidereal times of the rising of the first points of nirayana 
Mesa, etc., are given by 

5, = H, + «/ 

in angles which can be converted into time units by dividing them by 
15. Then, (5, - 5,) is the sidereal time interval between the rising of 
the first point of Mesa and that of the r ,h rasi. This S.T. interval is 
converted into a civil time interval by dividing it by 1.002738, in which 
case we get T) — T,. When this time interval is added to the time of the 
rising of the first point of Mesa, we obtain the rising time of the i' h rasi. 
Consider 

Ko= 180° + X i 

Therefore, 

sin (X it6 ) = - sin A, 

~ sin sin £ 

= — sin A,-sin£ = — sin <5, 


Also, 
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for instance, substituting A, ’s in Eqn. (3), we get 

d 7 - -9.21934° = -(5, 

<5„ = - 23.30193° = -d 3 

Similarly, consider 

| H m | = cos’ 1 (- tan <p tan <5, J 
= cos -1 [- tan (p tan (-<5,)] 

= cos -1 (tan <p tan <5,) 

Therefore, 

cos | H U6 1 = tan <p tan <5, = - cos | H ; | 
or 

= 180°- \H,\ 
or 

l«i.«l = 180% |H,| 

Due to the geometry of the hour angle at rising, the magnitude of the 
hour angle cannot be greater than 180°. Therefore, 

|Hj = 180°- \Hi\ = 180° + \H,\ 

or 

H m = - (180° + H) 

For example, we get 

H 7 = - 87.85236 

= -(180°-92.14764°) 

= -(180° + H,) 

i.e., H, = -92°. 14764 
Also, 

k , (6 = sin" 1 (tan«3 /+6 cote) 

= sin"'(-tan <5, cot e), since (5 Jt6 = —<3, 
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Therefore, 

sin oc h6 = — tan <5, cot £ = -sin <x . 

This means that 
a /+6 = 180 ° + 
or 

«„ 6 = 360°-a. 

Again, from the geometry, it follows that 
180 °+ ^ 

For example, 

« 7 = R.A. of Tula first point 

= 180° + R.A. of Mesa first point 
= 180° + 21.97377° 

= 201.97377°. 

10.7 Intervals of Rising of 

SAYANA RASlS (OR SIGNS) 

According to the Khandakhadyaka, the dura¬ 
tions of the rising of the sayana Mesa, Vrsabha and Mithuna at Lanka 
(on the equator) are, respectively, 278,299 and 323 vinadls. These, 
diminished by the vinadls of the local ascensional differences, are the 
durations of the risings of these three rasis at one’s own place. 

The figures written in the reverse order increased by the ascensional 
differences ( cara ), are the durations of the risings of the next three 
signs at the observer’s place. We have 

sin (cara) = tan (p tan d 

where (f> is the latitude of the place and (5 the declination correspond¬ 
ing to the ending of the rasi, viz., for longitudes A, = 30°, A 2 = 60° 
andAj = 90°. Also, with latitude (5 = 0 (for the points on the ecliptic), 
we have: 

sin d = sin X sin £ (£ = 24°) 



138 Indian Astronomy: An Introduction 

Now, for A, = 30°, X 2 = 60° andA 3 = 90°, with the obliquity of the 
ecliptic £ being taken as 24°, we get the corresponding values of the 
declination: 

( 5 , = sin~'[sin 30° sin 24°] = 11.734° 

d 2 — sin _1 [sin 60° sin 24°] = 20.624646° 

< 5 3 = sin~‘[sin 90° sin 24°] = 24° 

The tabular differences of cara (ascensional difference) for a place of 
latitude <p, are given by the successive differences of 

R tan (p tan < 5 , ( asus ) 

where 

1 vinadlka = 6 asus 

Therefore, corresponding to the declinations < 5 , of the ending of the 
first 3 rasis, the tabular differences of cara, are given by the successive 
differences of 

(R tan 0 tan < 5 ,) / 6 ( vinadikas ) 

Thus, for example, for Chennai or Bangalore ((/> = 13°), we have the 
tabular differences given by the successive differences of 

(i) tan 13° (tan 11.734°) X 3438 / 6 

= 27.5 vin. 

(ii) tan 13° (tan 20.625°) X 3438 / 6 

= 49.79 vin. 

(iii) tan 13° (tan 24°) X 3438 / 6 

= 58.90 vin. 

Therefore, the tabular differences of the cara for the first three rasis 
at Chennai (or Bangalore) are respectively, 27.5, (49.79 - 27.5), 
(58.9-49.79), i.e., 

27.5, 22.29 and 9.11 vinadls. 

The durations of the risings of the twelve rasis at Chennai calculated 
according to the Khandakhadyaka, are given in Table 10.1. 
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Table 10.1 Durations of risings of rasis at Chennai or Bangalore ((f) = 13°) 


Rail 

Durations of 

Ascensional 

Durations of risings at 


risings at Laftka 

difference 

Chennai or Bangalore 


( vinadis ) 

(tabular diff.) 

( vinadis) 


278 

-27.5 

250.5 


299 

-22.29 

276.71 


323 

-9.11 

313.89 

Karkataka 

323 

+9.11 

332.11 

Simha 

299 

+22.29 

321.29 

Kanya 

278 

+27.5 

305.5 


278 

+27.5 

305.5 


299 

+22.29 

321.29 


323 

+9.11 

332.11 

Makara 

323 

-9.11 

313.89 

Kumbha 

299 

-22.29 

276.71 

Mina 

278 

-27.5 

250.5 


Note: (1) The tabular differences are additive for the rasis from 
Karkataka (A = 90°) to the end of Dhanus (A = 270°), and negative 
otherwise. (2) The total of the durations of risings of till the twelve rasis 
is 60 nadls. 


10.8 Determination of Lagna at 
a Given Time and Place 

The Sun’s longitude increases proportionately 
from the time in ghatikas (or nadikas ) elapsed since sunrise, at the given 
place on the given day, by means of local time durations for the risings 
of the rasis, and becomes the lagna (or orient ecliptic point or the 
ascendant). Again, conversely, by making the longitude of the Sun equal 
to the orient ecliptic point by the local time intervals for the risings of 
the rasis, the time elapsed since sunrise can be obtained. 

Note: From the sayana lagna, thus obtained, subtract the ayanamsa to 
determine the nirayana lagna. 

Examples: Find the lagna at 5 ghatikas elapsed since sunrise at 
Bangalore, given the sayana longitude of the Sun as 1 Is 19°46'36" at 
that instant. 
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The Sun is in sayana Mina rasi with the remainder of 

= 30°-(19°46'36") 

= 10°13'24" = 613.4' 

The duration of the rising of sayanaMlna is 250.5' v//?acfe (Table 10.1). 
Therefore, the time taken for the rising of 613.4' is 

(613.4')(250.5) / (30 X 60) = 85.365 vinadls. 

The given time elapsed since sunrise = 5 gh. 

= 300 vinadls 

Now, out of 300 vinadls substracting 85.365 vinadls for the residue of 
Mina, we get 

(300-85.365) = 214.635 vin. 

The duration of the rising of the next rasi (Mesa) is 250.5 vin. (see 
Table 10.1). Therefore, 214.635 vin. corresponds to 

(214.635 / 250.5) X 30° = 25°42'l7" 

of Mesa. Therefore, we have 

Lagna = sayana Mesa 25° 42' 17" 

= 0s 25° 42' 17" 

one can get more accurate values by making use of equations (1), (2) 
and (3). 



Lunar Eclipse 


11.1 Cause of Lunar Eclipses 

On a full moon day, the Sun and the Moon are on 
the opposite sides of the Earth. The Sun’s rays fall on the side of the 
Earth facing the Sun, and a shadow will be cast on the other side. 
When the Moon enters the shadow of the Earth, a lunar eclipse occurs. 
This happens when the Sun and the Moon are in opposition, i.e., the 
difference between the longitudes of the Sun and the Moon is 180°. 

However, a lunar eclipse does not occur on every full moon day. 
This is because the plane of the Moon’s orbit is inclined at about 5° to 
the ecliptic. If the Moon’s orbit were in the plane of the ecliptic, then 
there would have been a lunar eclipse every full moon day. Generally, 
on a full moon day, the Moon will be either far above or far below the 
plane of the ecliptic and so does not pass through the shadow of the 
Earth. But, on that full moon day, when the Moon does pass through 
the Earth’s shadow, a lunar eclipse occurs. 

In order for a lunar eclipse to occur, the Moon must come close to 
the ecliptic. This means that the Moon, on the full moon day, must be 
close to one of the nodes of the Moon. In Fig. 11.1, the orbit of the 
Moon intersects with the ecliptic at two points N and V. These two 
points are referred to as the ascending and the descending nodes of the 
Moon. They are called Rahu and Ketu in Indian astronomy. 


AT 



Figure 11.1 Nodes of the Moon 
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The lunar eclipse is said to be total when the whole of the Moon 
passes through the shadow. The eclipse is partial when only a part of 
the Moon enters the shadow. 

In Fig. 11.2,5 and E represent the centres of the Sun and the Earth, 
respectively. Draw a pair of direct tangents AB and CD to the surface 
of the Sun and the Earth, meeting SE in X. If these lines are imagined to 
revolve round SE as axis, they will generate cones. There is, thus, a 
conical shadow BVD, with V as its vertex, across which no direct ray 
from the Sun can fall. This conical space is called the umbra. 



Figure 11 .2 Earth’s shadow-cone and the lunar eclipse 


The spaces around the umbra, represented by VBL and VDN, form 
what is called the penumbra, from which only a part of the Sun’s light 
is excluded. It is to be noted that the passage of the Moon through the 
penumbra does not prompt an eclipse. It results only in diminution of 
the Moon’s brightness. 

When the Moon is at M, (see Fig.11.2) it receives light from portions 
of the Sun next to A, but rays from the parts near Cwill not reach the 
Moon at M v Therefore, the brightness is diminished, the diminution 
growing greater as the Moon approaches the edge of the umbra. An 
eclipse is considered as just commencing when the Moon enters the 
umbra or the shadow-cone. 

11.2 Angular Diameter of the 
Shadow-cone 

In Fig.11.3, the angular diameter of the cross- 
section of the shadow-cone is represented by an arc MN. Let the 
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Figure 10.1 North-South line 

semi-angle MEV, subtended by MV at the centre of the Earth, be oc. 
We have 

p = Sun’s horizontal parallax = EAX 
p' = Moon’s horizontal parallax = EMB = EXB 
s = Sun’s angular semi-diameter = S&A 
8 = semi-vertical angle of the shadow-cone = EVB 

Now, in triangle MEV, we have : oc + 8 = p' so that 

oc = p’ - 8 ... (1) 

Similarly, we have, from triangle AEV, 

8 = s-p ... (2) 

From (1) and (2) we get 

oc = p'-(s-p) or oc = p + p'_ s ... (3) 

Since p, p' and s are known, the angular semi-diameter oc of the 
shadow-cone is determined using (3). However, it is found that the 
Earth’s atmosphere increases, due to absorption, the calculated radius 
of the shadow-cone by about two percent. Therefore, for the predic¬ 
tion of lunar eclipses, the following expression is used: 

oc = (51 /50) (p + p'-s) ... (4) 

As an example, using the mean values, we have: 

Moon’s hor. parallax, p' = 57' 

Sun’s hor. parallax, p = 8" and 
Sun’s semi-diameter, s = 16' 
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the angular semi-diameter of the shadow-cone, from (4), is given by 
oc = (51 /50) [8" + 57' - 16'] 
or 

oc = 41'.956 ~ 42' 

To be more accurate, it is found that oc varies from a minimum of 
37'49" to a maximum of 44'37". In fact, the maximum value of oc is 
reached when the Moon is nearest to the Earth (i.e., perigee) and the 
Earth itself being at the same time farthest from the Sun (aphelion or 
apogee of the Sun), i.e., when p is maximum and s is the minimum 
value attained when the conditions are reversed, i.e., when the Moon 
is farthest from the Earth (i.e., at apogee) and the Earth itself, at the 
same time, being closest to the Sun i.e., when p is minimum and s 
maximum. 


11.3 Ecliptic Limits for the 
Lunar Eclipse 

We have noted earlier that the possibility of an 
eclipse on a full moon day is restricted, due to the inclination of the 
Moon’s orbit to the plane of the ecliptic. 

In Fig. 11.4, NM represents the Moon’s orbit; M and C are the 
centres of the Moon and the shadow, respectively, when the eclipse is 



Figure 11.4 Ecliptic limits 





Lunar Eclipse 145 


about to take place. Let C x be the position of the shadow’s centre when 
the Moon is at the node N. Let NC X be denoted by £ and f be the time 
required by the Moon to go from N to Mand for the shadow’s centre to 
go from C, to C.. 

The geocentric longitude of C is the Sun’s longitude plus 180°. 
Hence, in finding the maximum value of f in which an eclipse is 
possible, we are actually finding the maximum angular distance of the 
Sun from the other node. 

Suppose the Sun’s longitude increases at the rate of 6, and (p is the 
angular velocity of the Moon in its orbit. For simplicity, let us take 0 
and (p constants. Then, we have: 

NM = <p t and JVC = £ + 0 t 

If rj is the angular distance CM and i the inclination MNC, we have 
from triangle MNC (regarded as a plane triangle), 

CM 2 = NC 2 + NM 2 - 2NC. NM cos i 

i. e., T] 2 = (£ + Ot) 2 + {(pt) 2 - 2((pt) (£ + 6t) cos i 

or 

Tj 2 = £ 2 _ 2^t {(p cos i - 6) + f [9 Z t (f) z - 26 (p cos i] 

Now, rj is minimum when t is given by: 

4 (<p cos i-6) — t [0 2 + <p 2 - 2 0(f) cos i] = 0 
In fact, we have: 

ii, = Vo — £ <P sin // [0 2 + 4> 2 - 2 0 (p cos i] Vl ... ( 1 ) 

Let q = 0 ! <p, so that (1) becomes 

£ = Y] 0 [ 1-2 q cos / + q 2 ]' /2 cosec i ... (2) 

In (2), q is the ratio of the Earth’s orbital angular velocity to that of the 
Moon, which is the same as the ratio of the Moon’s sidereal period to 
the duration of a year. Taking the mean values, we have 

q ~ 3 / 40 

Also, since / ~ 5.2°, from (2), we get 
£= 10.3*7, 


( 3 ) 
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When the Moon is about to enter the umbra shadow-cone, we have 

Vo = a + s' 

where oc is the angular semi-diameter of the shadow-cone and s' is the 
Moon’s angular semi-diameter. We have from (4) of the previous 
section, 

oc = (51/50) (p + p'-s) 

For a partial lunar eclipse to be possible, it is evident that 
£ < 10.3 (oc + s') 

For a total lunar eclipse, 

£ < 10.3 (oc + s') 

For example, taking the following values: 

s = Sun’s semi-diameter = 16' = 960" 
s' = Moon’s semi-diameter = 15'35" = 935" 
p = hor. parallax of the Sun = 9" 
p' = hor. parallax of the Moon = 3422" 

(i) to satisfy the condition for a partial eclipse of the Moon, we must 
have 

£< 10.3 [(51/50) (p + p' — s) + s'] 

= 10.3 [(51/50) (9" + 3422"-960") + 935"] = 9.8863° 

or 

| < 9.9° 

(ii) the conditions for a total lunar eclipse: 

| < 10.3 [(51/50) (p + p' — s) — s] 
or 

| < 10.3 [(51/50) (9" + 3422"-960")-935"] 

= 10.3 [(51/50) (2471") - 935"] = 4.5361° 

or 

l < 4.6° 
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These values of £ are called the ecliptic limits for the occurrence of a 
lunar eclipse. 

However, since the quantities used in the above derivation are 
only mean, considering the actual variations, it is found that for a 
partial eclipse the maximum value of £ is 12.1° and the minimum value 
of £ is 9.5°, which are respectively called the superior and inferior 
ecliptic limits. 


11.4 Half-durations of Eclipse 
and of Maximum Obscuration 

The next important step is to determine the 
instants of the beginning and the end of a lunar eclipse as also of the 
maximum obscuration. For this, we need to find the duration of the 
first half and the second half of the total duration of the eclipse. This is 
explained in Fig. 11.5. 



Figure 11.5 Half-duration of lunar eclipse 

A half-duration is the time taken by the Moon, relative to the Sun, so 
that the point A in the figure moves through OA. We have: 

OA z = OX 2 l - AX 2 , = (OE+EX t ) 2 -AX, 2 
= (d, + d 2 ) 2 ~fi\ 2 

where 

OE — d, = Semi-diameter of the shadow 
EX ] = d 2 = Semi-diameter of the Moon 
/?, = AX { = Latitude of the Moon ( Viksepa) 
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When the Moon’s centre is at X,, we have 


V(dj + d 2 ) 2 —/V 

Half-duration = -;-;- 

(Moon s daily motion — Sun s daily motion) 

Since the actual moment of the beginning of the eclipse, and hence 
the Moon’s latitude then, are not known, the above formula is used 
iteratively. 

By a similar analysis, the half-duration of maximum obscuration (or 
totality as the case may be) is given by 

V(dj ~ d 2 ) 2 —($ x 2 

Half-duration of max. obsn. = - 

(. DM-DS) 

where DM and DS are the daily motions of the Moon and the Sun, 
respectively. 

The, thus obtained, half-duration of the eclipse and the maximum 
obscuration are: 

(1) subtracted from the instant of the opposition to get the first 
moments; and 

(2) added to the instant of the opposition to obtain the last moments. 
Finally, the magnitude ( pramanam ) of the eclipse is given by 

Amount of obscuration ( Grasa ) 

Magnitude = - 

Angular diameter of the Moon 

Obviously, if the magnitude is greater than or equal to 1, then the 
eclipse is total; otherwise, it is partial. 

It is also clear, from Fig. 11.5, that if the sum of the angular semi¬ 
diameters of the Moon and the shadow is less than the latitude of the 
Moon, there will be no eclipse. 

11.5 Lunar Eclipse According to 
Suryasiddhanta 

The procedure of the computation of a lunar 
eclipse is described in the Suryasiddhanta (SS) in Chapter 4 (Candra- 
grahanam ) of the text. 
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The parameters required for the computation of a lunar eclipse 
are: 

(i) True longitudes of the Sun, the Moon and the Moon’s node ( Rahu ), 

(ii) The true daily motions of these three bodies, 

(iii) The latitude of the Moon and, 

(iv) The angular diameters of the Earth’s shadow (Bhucchaya) and of 
the Moon. 


Example: The lunar eclipse on September 27,1996. 

Since the longitude of the Moon’s node (Rahu) according to SS is not 
very accurate, we use the true longitudes of the Sun, Moon, etc., from 
the Ind. Ast. Eph. as at 5-30 a.m.(IST). However, the procedure of the 
SS is adopted. 


True longitude of the Sun = 

True longitude of the Moon = 

True longitude of Rahu = 

True daily motion of the Sun = 

True half-daily motion of the Moon = 
True daily motion of the Moon = 

Node’s daily motion = 

Instant of opposition = 


160° 21' 01" 
338° 44' 27" 
164° 10' 14" 
58' 51" 
432' 32".7 
861' 
3' 11" 
8h 24m (1ST) 


(i) TO FIND THE SUN’S DIAMETER 


Sun’s corrected diameter 


58' 51" X 6500 7 

~ 58' 58" 

= 6487^.13 


43,20,000 X 6487-M3 


and 


57,753,336 

485^.24 


15 


= 485 x .24 

= 32' 20" 


where 58'58" is the Sun’s mean daily motion and 57,753,336 is the 
number of the Moon’s revolutions in a Mahayuga and 6500 yojanas 
is the Sun’s mean diameter. Here y stand for yojana, a distance 
unit, with 1 y = 15'. 
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(ii) TO FIND THE MOON’S DIAMETER 


Moon’s corrected diameter =■ 


861' X 480' 
788' 25" 


524'.2 


and 


524'.2 

15 


= 34' 56" 


where 480' is the Moon’s mean diameter and 788' 25" is the 
Moon’s mean daily motion. 


(iii) TRUE LONGITUDES OF SUN, MOON AND NODE AT THE 
OPPOSITION 

Interval from 5-30 a.m. to the instant of opposition : 2 h 54 m 

58'51" X 2 h 54 m _ n , nn „ 

Motion of the Sun in 2 h 54 m = - — 1 11 

24 

Sun’s true longitude at opposition = 160°2l'0l" + 7'7" 

= 160°28'08" 

Motion of the Moon in 2 h 54 m = 2 h 54 m X 432' 32".7 / 12 h 

= 104'32" = 1° 44' 32" 

True longitude of the Moon at opposition 

= 338° 44' 27" + 1° 44' 32" = 340° 28' 59" 


Node’s longitude at opposition: 

, _ 3'll"X2 h 54 m 

Node s motion in 2 h 54 m =---= 23 

24 h 

Node’s true longitude = 164° 10' 14" - 23" 

= 164° 9' 51" 


(iv) DIAMETER OF THE EARTH’S SHADOW 

Earth’s corrected diameter 

True daily motion of the Moon X 1600' 

Mean daily motion of the Moon 
861' X 1600' 


788' 25 


1747'. 2 
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Sun’s corrected diameter - Earth’s diameter 
= 6487 y .13 - 1600 y = 4887 y .13 


and 


480 y X 4887 y .13 
6500 y 


360 y 9 


Diameter of the Earth’s shadow 

= Earth’s corrected diameter - 360 y .9 
= 1747 y .2 — 360 y 9 
= 1386^.3 

Earth’s shadow diameter (arc) = 1386.3 / 15 

= 92'25" 


(v) THE MOON’S LATITUDE AT THE MIDDLE OF THE ECLIPSE 
AND THE AMOUNT OF GREATEST OBSCURATION: 


(Longitude of the Moon - Longitude of Node) at the opposition 
= 340° 28' 59"- 164° 09' 51" 

= 176° 19' 08" 

Bhuja of the above difference = 3° 41' 

Jya (3° 41') = 221' 

The Moon’s latitude at the instant of opposition 
_ 270' X 221' 

3438' 

= 17'21 " 

Here, it is assumed that the inclination of the Moon’s orbit is 
4° 30'. As determined earlier, 

Semi-diameter of the eclipsed body (Moon) = 17'28" 
Semi-diameter of the eclipsing body 

(Earth’s shadow) = 46' 12" 

Their sum = 63'40" 

Deduct the Moon’s latitude = 17' 21" 

Obscured portion (grasa) = 46' 19" 

Since grasa is greater than the Moon’s diameter, the lunar eclipse 
is total. 
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THE DURATION OF THE ECLIPSE 
OBSCURATION 

AND OF 

TOTAL 

Diameter of the eclipsing body (shadow) : 

92' 25" 

92' 25" 

Diameter of the eclipsed body (Moon) : 

34' 56" 

34' 56" 

Their sum and difference : 

127' 21" 

57' 29" 

Half-sum and half-difference : 

63' 40" 

28' 44" 

Squares of the above : 

4053 

825 

Deduct the square of the Moon’s latitude : 

301 

301 


3752 

524 

Their square roots : 

61' 15" 

22' 53" 


(a) Half-duration of the eclipse 

61' 15" X 60” 


(Daily motion of the Moon — Daily motion of the Sun) 

= 61 ' 15 ",*„ 60, = 4-34- 
802' 9" 

Note: The superscripts n and v denote nadls and vinadls 


(b) Half-duration of totality 
22' 53" X 60" 


802' 9' 


= l n 42 v 


To get a more accurate value of the Moon’s latitude more itera¬ 
tions have to be carried out 


4" 34 v X 861' 

Moon’s motion in 4" 34 v = -- = 1° 5' 31" 

4 ” 34 * x 3' 11" 

Node s motion in 4" 34 v = - =14 

60" 

Moon’s longitude at opposition : 340° 28'59" 340° 28'59" 

Add and subtract the Moon’s (+) 1°05' 31" (-) 1°05' 31" 
motion in 4" 34 v ' 341° 34' 30" 339° 23' 28" 

Node’s longitude at opposition : 164° 09' 51" 164° 09' 51" 
Subtract and add the node’s (-) 14" ( + ) 14" 

motion in 4 n 34 v ' 164° 9' 37" 164° 10' 05" 
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Long, of Moon — Long, of Node : 

177° 24' 53" 

175° 13' 23" 

Jya values of the above 

Moon’s latitude at the end and 

158' 

287' 

the beginning of the eclipse : 
Squares of half the sum of the 

12' 24" 

22' 32" 

diameters : 

4053 

4053 

Deduct the squares of latitudes : 

153 

507 


3900 

3546 

Their square roots 

62' 26" 

59' 32" 


Corrected second half-duration = 


60" X 62' 26" 
802' 9" 


= 4" 40 v 


60" X 59' 32" 

Corrected first half-duration =-— r. -= 4” 27 v 

802 9 


(vii) APPARENT INSTANTS OF BEGINNING AND END OF 
TOTALITY 

1" 42^ X 861' 

Moon s motion in 1" 42 v = --= 24' 23" 

l"42 v X 3' 10" 


Node s motion in 1" 42 v = — 

Moon’s longitude at opposition 
Add and subtract the Moon’s 
motion in l"42 v 
Moon’s long, at the end and 
beginning of totality 

Node’s longitude at opposition 
Subtract and add the node’s 
motion in l"42 v 
Node’s long, at the end and 
beginning of totality 

Moon’s distance from node 
Jya values 

Moon’s latitude at the end and 
the beginning of the eclipse 


60" 


340° 28' 59" 

340° 28' 59" 

(+) 0° 24' 23" 

(-) 0° 24' 23" 

340° 53' 22" 

340° 04' 36" 

164°09' 51" 

164° 09' 51" 

H 5" 

(+) 5" 

164° 09' 46" 

164°09'56" 

176°42' 

197' 

175° 53' 

246' 

15' 28" 

19' 19" 
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Squares of half-difference of the diameters 


of the Moon and shadow 

: 825 

825 

Deduct the squares of latitudes 

: 239 

373 


586 

454 

Their square roots 

: 24'.21 

21 ' .26 


24'.21 X 60" 

Second half-interval of totality =- ——7 ,, - 

J 802'9 

= 1” 49 v 

= 0 h 43 m 

21'.26 X 60” 

First half-interval of totality =- ■„ - 

J 802 9 

= 1" 35 v 

= 0 h 38 m 

SUMMARY OF THE LUNAR ECLIPSE 


Beginning of eclipse 

6 h 

42 m 

Beginning of totality 

7 h 

49 m 

Middle of eclipse 

8 h 

24 m 

End of totality 

8 h 

59 m 

End of eclipse 

10 h 

06 m 


Note: The timings coincide exactly with the ones given in the Ind. Ast. 
Eph. 
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Solar Eclipse 


12.1 How a Solar Eclipse is 
Caused 

On a new moon day, the Sun and the Moon are on 
the same side of the Earth (see Fig. 12.1). The rays of the Sun S which 
fall on the surface of the Moon M, facing the Sun, are prevented from 
reaching the Earth. A shadow-cone is caused by the Moon on the side 
facing the Earth. A solar eclipse is caused under the following 
conditions: 

(i) the Sun and the Moon must be in conjunction, i.e., it must be a 
new moon day; and 

(ii) the new moon must be close to one of the nodes (Rahu or Ketu ). 


A 



Figure 12.1 Solar eclipse 

On account of the inclination of the Moon’s orbit with the ecliptic 
(at an angle of about 5°), a solar eclipse does not occur on every new 
moon day. Only on those new moon days when the Moon is close to 
the ecliptic and hence close to one of the nodes, a solar eclipse is 
possible. 

Since the Moon’s radius is much smaller than that of the Earth’s, the 
shadow-cone formed by the tangents to the surfaces of the Sun and the 
Moon can grace only a portion of the Earth. Therefore, a solar eclipse 
is visible only from a limited portion of the Earth’s surface. In Fig. 12.1, 
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the shadow-cone, CVD, of the Moon is formed by the tangents to the 
surfaces of the Sun and the Moon, with its vertex at V. This shadow- 
cone is called the “umbra”. The “penumbra” region is obtained by 
drawing the internal tangents to the surfaces of the Sun and the Moon 
(see Fig. 12.2). 

For the region on the surface of the Earth represented by the arc HK 
of the umbra (Fig. 12.1), the Sun is completely obscured by the Moon; 
hence, there is a total solar eclipse for that portion of the Earth’s 
surface. For portions of the Earth’s surface which lie in the penumbra 
region, such as the point L, the Moon covers only a part of the Sun and, 
hence, there will be a partial solar eclipse. 

In fact, the total solar eclipse is possible due to the fact that the 
Moon’s angular diameter at times is greater than that of the Sun 
(although the actual linear diameter of the Moon is quite small as 
compared to that of the Sun). 

However, sometimes on the occasion of a solar eclipse, the angular 
diameter of the Moon is less than that of the Sun so that the Moon 
obscures only a central circular portion of the Sun leaving the outer 
portion of the Sun bright. Such an eclipse is called an annular solar 
eclipse. This is illustrated in Fig. 12.2 where the centres of the Sun, 
Moon and Earth are at S, Mand E, respectively. For the portion of the 
Earth’s surface between H 1 and K 1 , the solar eclipse is annular. 

12.2 Angular Distance Between 
the Sun and the Moon at 
the Beginning and End of a 
Solar Eclipse 

In Fig. 12.2, the penumbra formed by the internal 
tangents between the surfaces of the Sun and the Moon are shown. 
Suppose the tangent AB is also tangential to the Earth’s surface at C. 
Then to an observer at C, it is just about to enter or leave the penumbra, 
marking the beginning or the end of the partial phase of the solar eclipse. 

Let D denote M&S. We have 


D = m£b + b£s 


( 1 ) 
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But, during the beginning or end of the partial phase of the solar eclipse, 
MB is almost perpendicular to EB. Therefore, 

m£b= s’ 

is the Moon’s angular semi-diameter, so that we have 
D = B£s + s' 

Also, 

b£s=obe + eOb ... (2) 

But, OBE = CBE, the horizontal parallax of B, which is approximately 
equal to the horizontal parallax of the Moon, p' 

i.e., OBE = p 

Further, we have 

e6b= eOa = a£s - eAc 

or 

eOb = s-p 

where s is the Sun’s angular semi-diameter and p is the Sun’s hori¬ 
zontal parallax. Therefore, from (1) and (2), we have 

D=s+s'+p-p' ... (3) 

This gives the angular distance between the Sun and the Moon with 
respect to the centre E of the Earth at the beginning or end of a partial 
solar eclipse. 
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Now, using the mean values 

Sun’s semi-diameter, s =16' 

Moon’s semi-diameter, s' = 15' 

Sun’s hor. parallax, p = 8" 

Moon’s hor. parallax, p = 57' 

we get the angle M&S at the beginning or end of the partial phase of the 
solar eclipse given by 

D = M&S = s + s' + p — p 

= 16' + 15' + 57' -8" 

= 88' -8" = 87' 52" 

Note: As in the case of the lunar eclipse (Sec. 11.3), the superior and 
inferior limits for the solar eclipse are respectively 18.4° and 15.4°. 

12.3 Solar Eclipse According to 

SURYASIDDHANTA 

The procedure of computation of the solar eclipse 
is longer and more complicated than the lunar eclipse, mainly because 
of the effect of the parallax. In this section, we consider the procedure 
for the computation of a solar eclipse as given in the Suryasiddhanta 
(SS). Since the positions of the Moon and Rahu, in particular, are 
inaccurate if calculated according to SS, we use the true positions of 
the Sun, the Moon and Rahu as given in the Indian Astronomical 
Ephemeris for the date considered. However, the procedure adopted 
is according to SS. 

A computer program, “SSSEC” for the solar eclipse is provided in 
this text. 

Example: The solar eclipse on 24 th October, 1995, at Bangalore 
(according to SS). 

I TRUE LONGITUDES AT 5:30 A.M. (1ST): 

1. True longitude of the Sun = 186° 18' 9" 

2. True longitude of the Moon = 183° 46' 5" 

3. True longitude of Rahu = 182° 43' 
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4. Sun’s true daily motion = 59' 46" 

5. Moon’s true daily motion = 14° l' 37" = 841' 37" 

The latitude and the longitude of Bangalore are taken respectively as 
12° N 58'and 77° E 35'. 

D INSTANT OF CONJUNCTION: 

Diff. in true longitudes of the Sun and the Moon 

5 h .5 +--- X 24 h 

Difference in their daily motions 

5 h .5 + 186° 18' 9"- 183° 46' 5" 

_- x 24 h 

14 ° i' 37 "-0° 59' 46" 

= 5 h 30 m + 4 h 40 m 
= 10 h 10 m = 25" 25 v after midnight 

Note: The nadis and vinadls are denoted by n and vand 1 day = 60 nadis 
( Ghatikas ) 1 nadi = 60 vinadls. 

ffl LONGITUDES AT THE INSTANT OF CONJUNCTION: 

1 l"40 v X 59' 46" , „ 

1. Motion of the Sun in 1 l n 40 v =-= 11' 37" 

60” 

since 4 h 40 m =11" 40 v 

Longitude of the Sun = 186° 18' 9" + 11' 37" 

= 186° 29' 46" 

, 11" 40 v X 14° 1' 37" 

2. Moon s motion in 11" 40 v = - 

60” 

= 2° 43' 41" 

/. Longitude of the Moon = 183° 46' 5" + 2° 43' 41" 

= 186° 29'46" 

, 1 l"40 v X (—3' 11") , „ 

3. Node s motion in 1 l n 40 v =-= - 0 37 

60" 

Longitude of the node = 182° 43'- 0'37" 

= 182° 42' 23" 

Note: Here, 4 h 10 m = 11" 40 v is the time-interval for the conjunction 
from 5 h 30 m (1ST). 
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IV TO FEND THE TRUE DIAMETERS OF THE SUN AND THE MOON 


, 6500' X 59' 46" 

1 Suns diameter =- f -- 5g75 , 

= 32' 46" 

, 480' X 14° 1' 37" 

2. Moon s diameter =- 

11,858.75' 

= 34' 4" 

In the above expressions, the Moon’s mean daily linear motion in 
yojanas is about 11,858.75. 

According to the siddhantas, it was assumed that the Sun, the Moon 
and the planets move at a common linear velocity. Now, according to 
SS, the circumference of the Moon’s orbit is 3.24,000 yojanas. The 
sidereal period of the Moon being 27.32167416 days, the mean linear 
daily motion is given by the equation: 3,24,000 / 27.32167416 = 
11,858.71693 yojanas. 

Similarly, in the case of the Sun, the circumference of the orbit is 
given as 43,31,500 yojanas. Here also, the sidereal year being 
365.25875648 days, the mean linear daily motion is approximately 
11,858.75 yojanas. 


V ORIENT ECLIPTIC POINT (LAGNA), ETC. AT THE MOMENT 
OF TRUE CONJUNCTION 

1. The tropical lagna is 264° 30' 45" 


2. Orient sine (Udayajya) : 


R sin £ X R sin (lagna) 


3350'.3 

where £ = 24°, obliquity of the ecliptic (as in SS) 
Udayajya = -1428'.375 ~ -1428' 


3. Meridian ecliptic point (MEP) = 179° 42' 

R sin £ X R sin (MEP) 

4. Meridian sin e (Madhyajya) = - 

= 7' in arc 

/. sin- 1 (7' / 3438') = 0° 7' 22" in angle. 

This is the declination d of MEP 



Solar Eclipse 161 


The meridian zenith distance ( Natamsa ) = 6 -(f) 

where (p is the latitude of the place and d is the declination of 

MEP 

Declination of MEP = 0° 7' 22" N 
Latitude of the place = 12° 58' N 

Meridian zenith distance = -12° 50' 38" 

R sin (-12° 50' 38") = -764' 


5. 


The sine of the ecliptic zenith distance, Drkksepa : 

... , Orient sine X R sine of meridian zenith distance 
We have —— —- 


-1428' X -764' 
3438' 


3438' 
= 317' 


Square of 317 = 100489 

Deducting the above value from the square of the 
R sin (meridian zenith distance) and taking the square root, 
we get V(-764) 2 - 100489 = 695' 10" 

That is, the sine of ecliptic zenith distance 695' = R sin z 


6. The sine of the ecliptic altitude ( Drggati ) 
= VR 2 -R 2 sin 2 z 
= V(3438) 2 -(695) 2 
= 3367' 


7. To find the divisor (cheda) and the Sun’s parallax in 
longitude ( Lambana ). We have the divisor: 

Cheda = (R sin 30°) 2 / sine of ecliptic altitude 
= (1719) 2 / 3367 
= 878' 

i.e., divisor (cheda) = 878' 
where R sin 30° is given by 1719. 

Sayana Ravi at the inst. of conjn. 

= Sun’s sidereal longitude + Ayanamsa 
= 186° 29' 46" + 23° 47' 54" 

= 210° 17' 40" 

At the instant of conjunction: 

Longitude of the meridian ecliptic point = 179° 41' 53" 
Longitude of the Sun (Sayana Ravi) = 210° 17' 40" 
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Interval in longitude (i.e.) the difference 

(by adding 360°) = 329° 24' 13" 

R sine of the above is the numerator. 

R sin (329° 24' 13") 

Parallax in longitude ( Lambana ) — -—— - 

Cheda 

= -2" 0 y 

Therefore, the corrected instant of conjunction 
= 11" 40 v - 2" 0 V 
= 9" 40 v from 5.30 a.m. (1ST) 

Time of true conjunction = 25” 25 1 ' from the midnight 
correction = -2" 0 V 

Time of app. conjunction = 23" 2S V from the midnight. 

Now, calculating the parameters again, as explained above, we get 
the following. 

1. True Sun at the apparent conjunction : 186° 27' 47" 

2. Rahu = 182° 43' - 31" = 182° 42' 29" 

3. True Moon: 186° 01'48" 

4. Orient ecliptic point ( sayana lagna ) at the moment of 23" 25 v is 
253° 39' 02" 

I? sine X R sin (253° 39') 

5. Orient sine ( Udaya jya) = - 

3350'.3 

= -1376'.92 

6. Meridian ecliptic ( MEP ) = 166° 39' 33" 

R sin £ X R sin (MEP) 

7. Meridian sine (Madhyajya) =- 3438 ^- 

= 322' 40" 

Latitude of the place ((p) = 12° 58' N 
Declination of MEP (d) = 5° 23' 07" N 
Meridian zenith distance, 

Natamsa = <5 -0 = -7° 34' 53" i.e., 7° 34' 53" (S) 

Now, R sin (-7° 34' 53") = -453' 35" 

8. The sine of the ecliptic zenith distance ( Drkksepa ) : 

We ha ve Drkksepa = 415' 38 

= R sin z 
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9. The sine of the ecliptic altitude (Drggati) ='3412' 47" 

10. To find the divisor ( cheda ) and the Sun’s parallax in longitude 
( Lambana ): 

Divisor (cheda) = 865' 51"; 

Parallax in longitude ( Lambana ) = —2” 44 v 
Corrected time of apparent conjunction 
= 25" 25 v - 2" 44 v = 22 n 4V (from midnight). 

Repeating the above process iteratively to get convergent values, 
in the third approximation, we obtain the following readings. 


AT THE TIME OF CONJUNCTION (Approxn. 3) 


True longitude of Sun 
True longitude of Moon 
Longitude of node 
Sayana Ravi (Trop. Sun) 

Orient ecliptic point ( Lagna ) 
Orient sine ( Udyajya ) 

Meridian ecliptic point (MEP) 
Meridian sine ( Madhyajya ) 
Declination of the Meridian 
Meridian zenith distance 
Sine of eel. zen. dist. ( Drkksepa) 
Sine of eel. altitude ( Drggati ) 
Divisor (cheda) 

Parallax in longitude (Lambana) 
Cor. Time of apparent conjn. 


186° 25' 04" 

185° 23' 24" 

182° 42' 38" 

210°12' 58" 

249° 36' 08" 
-1344'.974 
161° 50' 03" 

435' 58" 

7° 17' 06" 

-5° 40' 54" 

313' 14" 

3423' 42" 

863' 05" 

-2 na. 59 vin. 

= -1H- 11M-28S 
: 22 na. 27 vin. 

= 8H-58M-36S 


AT THE TIME OF APPARENT CONJN. (after 3 iterations) 


True longitude of Sun 
True longitude of Moon 
Longitude of node 
Sayana Ravi (Trop. Sun) 

Parallax in latitude (Nati) 

Moon’s latitude at apprnt. conjn. 


186° 22' 06" 
184° 41' 37" 
182° 42' 47" 
210 ° 10 ' 00 " 
4' 27" 
9' 20" 
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Sun’s angular diameter : 32'46" 

Moon’s angular diameter : 34' 04" 

Obscurn. at apprnt. conjn. ( Grasa ) : 19' 38" 

Eclipse is partial. 

Magnitude of the eclipse : 0.5994744 

CALCULATION OF THE HALF-DURATION OF THE ECLIPSE 

The square of the sum of the semi-diameters : (33' 25") 2 

= 1116' 40" 

The square of the Moon’s latitude : (13' 47") 2 

= 189' 58" 

Subtracting : 926' 42" 

Here, the Moon’s apparent latitude at the apparent conjunction is 
considered. 

Square root of the above diff. = V926' 42" 

= 30' 26".5 

Half-interval = (60 n X 30' 26".5) / Diff. in true daily motions of the 

Sun and Moon 

= (60" X 30' 26".5) / 783' 51" = 2 n 19' 

Beginning of the eclipse 

= Time of apparent conjunction - (2 n 19 v ) 

_ 22 " 2T-2" 19 v 
= 20" 08 v = 8 h 03 m 12 s 
End of the eclipse 

= 22" 27 v + 2" 19 V 
= 24" 46 v = 9 h 54 m 24 s 

To obtain more accurate values for the beginning and the end of the 
eclipse, further iterations of the above procedure must be carried out. 

After a few iterations, the values converge reasonably to yield the 
following: 

First half-duration of eclipse : 2 na. 25 vin. = OH — 58M - IS 

Second half-duration of eclipse: 2 na. 15 vin. = OH - 53M - 49S 

Summary of the solar eclipse on 24 / 10 / 1995 at Bangalore (1ST) 
Beginning of the eclipse : 20 na. 01 vin. 8H - 00M - 35S 

Middle of the eclipse : 22 na. 21 vin. 8H - 58M - 36S 

End of the eclipse : 24 na. 41 vin. 9H — 52M-25S 
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12.4 Saros and Metonic Cycle 

The interval between two successive passages of 
the Sun through a node is 346.62 days, and 19 such intervals amount 
to 6585.8 days. The mean length of a synodic month (or lunation) is 
about 29.5306 days and, therefore, 223 lunations are equivalent to 
6585.3 days. We thus have the approximate relation: 

223 lunations =19 revolutions of the Sun 

with respect to a node (say, Rahu). This period of 6585 days is called 
saros and is equivalent to about 18 years and 11 days. Eclipses are 
generally repeated once in a saros period i.e., 18 years, 11 days. 

Example: There was a (total) solar eclipse on October 24 th , 1995. After 
a saros cycle, there will again be a solar eclipse on November 3 rd , 2013. 

Similar to the saros, there is another period called metonic cycle of 
about 19 years. We notice that 235 lunations are equivalent to 19 years 
of 365.25 days, amounting to about 6939.7 days. New moons and full 
moons repeat once in a metonic cycle. 

12.5 Conclusion 

By a similar procedure as in section 12.3, the 
beginning and the end of the maximum obscurity (or totality, as the 
case may be) are determined. The computations of the solar eclipse 
are quite complicated. This is largely due to the pronounced effect of 
the parallax. The later Indian astronomers, particularly those of Kerala, 
periodically gave improved elements as corrections ( samskara ) based 
on continuous observation of a large number of eclipses during their 
lifetimes. Especially Paramesvara (c. 1360-1455 ad) and Nllakantha 
Somayaji (1444-1545 ad), two Kerala astronomers, are famous for 
their careful observations and corrections based on them. 

The procedures adopted by the traditional Siddhantic texts are 
generally correct. The errors in the timings can be corrected by adopt¬ 
ing modern values for the parameters. The suggested improvements, 
based on modern astronomy, in the traditional computations have 
been worked out by the author of this book and will be presented 
subsequently. 
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PROGRAM: “SSRAMOON" 


************************* 


t*************** 


“* SURYASIDDHANTA 

“* POSITIONS OF SUN, MOON AND RAHU 


************************* 




CLS:KEY OFF: REM 
PRINT TAB (23) 

PRINT TAB (23) 

PRINT TAB (23) 

PRINT TAB (23) 

PI=3.141592653589793# 

LOCATE 5.16.PRINT “(CHRISTIAN) DATE : ":LOCATE 5,40:LINE INPUT 
“YEAR: ";YE$:LOCATE 5,53:LINE INPUT “MONTH: ”;MO$:LOCATE 
5,65:LINE INPUT “DATE: “;DA$:Y=VAL(YE$):MM=VAL(MO$) 
:D1=VAL(DA$) 


LOCATE 6,16:PRINT “TIME (AFTER MIDNIGHT): ”;:LOCATE 6,40:LINE 
INPUT “HOURS: ”;HR$:LOCATE 6,S5:LINE INPUT “MINUTES: ”;MIN$ 
:H1=VAL(HR$) :MI=VAL(MIN$) 

LOCATE 7,16:PRINT “NAME OF THE PLACE: ”;:LOCATE 7,40 
:LINE INPUT PLACES 

LOCATE 8,16:PRINT “LONGITUDE (-ve for West): ”;:LOCATE 8,45 
:LINE INPUT “DEG: ”;LD$:LOCATE 8,60:LINE INPUT “MIN: “;LM$ 

LOCATE 9,16:PRINT “LATITUDE (-ve for South): ”;:LOCATE 9,46 
:LINE INPUT “DEG: ”;PD$:LOCATE 9,60:LINE INPUT “MIN: “;PM$ 

LD=VAL (LD$) :LM=VAL (LM$) :PD=VAL (PD$) :PM=VAL (PM$) 

IF LD<0 THEN LAM = LD-LM/60:GOTO 150 
LAM = LD + LM/60 

IF PD<0 THEN PHI = PD-PM/60:GOTO 170 
PHI = PD+PM/60 

REM *** U]JAYINI:LONG.75.75E, LAT.23.18N *** 

ULAM = 75.75-LAM:REM ** LONG, w.r.t. UJJAYINI *** 

TC = INT((Y-1900)/100) 

T = Y-100‘INT(Y/100) 

IF TC<-4THEN E = 13 
IF TC = -4 AND Y< 1582 THEN E = 13 
IF TC = -4 AND Y> 1582 THEN E = 3 
IF TC>-4 AND TC< = 0 THEN E=-TC 
IF TC>0 THEN E = -(TC-1) 
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Q = -(T MOD 4) 

DD = 0 

DATA 0,31,28,31,30,31,30,31,31,30,31,30 
RESTORE 280:FOR 1=1 TO MM 
READ X 


DD=DD+X 
NEXT I 

IF (Y> 1600) AND (Y/100 = INT(Y/100)) AND (Y/400< >INT(Y/400)) 

THEN GOTO 350 

IF Y/4 = INT(Y/4) AND (MM=1 OR MM = 2) THEN DD = DD-1 
JJ=(TC*100 + T)*365.2S + DD + D1 + E +(0/4)+2415020! 

LET KALI = JJ-588466! 

WD=JJ-7*INT(JJ/7) 

RESTORE 410 
FOR F = 0 TO WD 
READ X$ 

DATA MONDAY,TUESDAY,WEDNESDAY,THURSDAY,FRIDAY,SATURDAY, 
SUNDAY 

NEXT F 

PRINT TAB(22); --WEEK DAY: ”;X$; ... 

PRINT “KALI YUGA DAYS ELAPSED (EPOCH:Feb. 17/18,3102 BC): 

KALI 

PRINT *********************** ravI SPHUTA***********’************” 
REM ** 4 320 000 REVOLNS IN 1 577 917 828 CIVIL DAYS ** 

DAILY# = 2.737785151635919D-03:REM ** REVOLN ** 

MRAVI# = KALI*DAILY# :REM ** REVOLNS SINCE KALI EPOCH ** 

REV=INT(MRAVI#):PRINT TAB(15) “REVOLNS SINCE KALI EPOCH: 
REV 

MRAVI = 360*(MRAVI#-REV) :REM ** DEGREES ** 

PRINT “MEAN RAVI AT UJJAYINI MIDNIGHT: 

L = MRAVI:GOSUB 1550 

REM *** DESHANTARA COR. ** SUN'S DAILY MOTION:59'8'10"'10.4"" 
DAILY# = .9856026545889309#:REM * DEG * 

GOSUB 1460 

KAALA = (H1 + MI/60) *DAILY#/24 

PRINT “MOTION FOR”;Hl; “HRS’’;MI; MIN: 

L = KAALA: GOSUB 1550 

PRINT “MEAN RAVI AT THE GIVEN LOCAL TIME”; 

MRAVI = MRAVI+ DESH + KAALA:L = MRAVI:GOSUB 1550 
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610 REM ****** SUN’S MANDOCCA****** 

620 CIVIL= 1S77917828#:REM * 387 REVNS IN 1577917828*1000 CIVIL DAYS* 
630 SMA=77.13 + (KALI*387*360/(CIVIL*1000)) 

640 PMA1 = SMA-MRAVI:REM *** RAVI'S MANDA KENDRA *** 

650 IF PMA1 <0 THEN PMA1 =PMA1 +360 
660 K1 = 14/(2*PI):K2 = 20/(60*2*PI) 

670 PMA=SMA : SMK=PMA1 :REM * SUN’S ANOMALY * 

680 GOSUB 1610 

690 SEQ = PEQ 

700 TRAVI=MRAVI + SEO 

710 IF TRAVIcO THEN TRAVI = TRAVI + 360 

720 IF TRAVI>360 THEN TRAVI=TRAVI-360 

730 PRINT “-” 

740 PRINT “TRUE RAVI: ’’; 

750 L = TRAVI:GOSUB 1550 

760 PRINT “-’’ 

770 LOCATE 23.60.PRINT "PRESS ANY KEY TWICE” 

780 A$ = INPUT$(2) 

790 PRINT:PRINT 

800 PRINT “**********CHANDRA SPHUTA**********’’ 

810 REM ** NO.OF REVNS:57 753 336 FOR 1 577 917 828 CIVIL DAYS ** 

820 REM *** DAILY MEAN MOTION:790’34”S21’”3.8”" *** 

830 DAILY# = 3.660097818477782D-02:REM ** REVOLN 
840 MOON# = KALI*DAILY# 

850 REV=INT(MOON#):PRINT TAB(15) “REVOLNS SINCE KALI EPOCH: 

REV 

860 MOON = 360* (MOON#-REV) 

870 PRINT “MEAN MOON AT UJJAYINI MIDNIGHT: 

880 L = MOON:GOSUB 1550 

890 DAILY# = 360*DAILY#:GOSUB 1480 

900 KAALA= (H1 + MI/60) *DAILY/24 

910 PRINT “MOTION FOR”;Hl; “HRS’’;MI; “ MIN: 

920 L = KAALA:GOSUB 1550 

930 PRINT “MEAN MOON AT GIVEN TIME AT”,PLACES; 

940 MOON=MOON + DESH + KAALA:L = MOON:GOSUB 1550 

950 MMA =.25+(KALI*488203!/CIVIL):REM ** MOON’S MANDOCCA ** 

960 MMA = 360*(MMA-INT(MMA)) 

970 PMA1 = MMA-MOON 

980 IF PMA1<0 THEN PMAI = PMAI + 360 



Computer Programs 


169 


990 K1 = 32/(2*PI) :K2 = 20/ (60*2*PI) 

1000 PMA=MMA:MMK=PMA1:REM * MMK:MOON’S ANOMALY * 

1010 GOSUB 1610 

1020 TMOON=MOON+PEQ 

1030 REM *** BHUJANTARA CORRECTION *** 

1040 BHUJ=SEQ/27 

1050 PRINT “BHUJANTARA CORRECTION: 

1060 IF BHUJ>0 THEN PRINT TAB(39); 

1070 IF BHUJ<0 THEN PRINT TAB(39); “ + 

1080 L = BHUJ:GOSUB 1550 

1090 TMOON=TMOON+BHUJ 

1100 IF TMOONcO THEN TMOON=TMOON+360 

1110 IF TMOON>360 THEN TMOON=TMOON-360 

1120 PRINT"-’’ 

1130 PRINT “TRUE MOON: 

1140 L = TMOON:GOSUB 1550 

1150 PRINT"-” 

1160 PRINT “******»****RAHU SPHUTA**********” 

1170 REM *NO. OF REVNS. -232 238 REVOLNS IN 1 577 917 828 CIVIL DAYS* 
1180 DAILY#=-l.4718003426982D-04:REM ** REVOLN ** 

1190 MRAHU = .5 + KALI*DAILY# :REM ** REVOLNS * 180 DEG AT EPOCH ** 

1200 REV=INT(MRAHU)+ 1:PRINT TAB(15)’’REVLNS SINCE KALI EPOCH: 
REV 

1210 MRAHU=360* (MRAHU-REV) 

1220 MRAHU = 360 +MRAHU 

1230 PRINT “-” 

1240 PRINT “MEAN RAHU AT UJJAYINI MIDNIGHT: 

1250 L = MRAHU:GOSUB 1550 

1260 REM *** DAILY MOTION: 3'10.745" = 0.05298481616778111 DEG *** 

1270 DAILY#=-l.4718003426982D-04*360:GOSUB 1480:REM ** DEG 

1280 KAALA=(Hl + MI/6C)*DAILY#/24 

1290 PRINT “MOTION FOR”;Hl; “HRS”;MI; “MIN: 

1300 IF KAALA<0 THEN PRINT TAB(39) 

1310 L = KAALA:GOSUB 1550 

1320 PRINT “-” 

1330 PRINT “MEAN RAHU AT GIVEN TIME AT”;PLACE$; 

1340 MRAHU = MRAHU + DE SH + KAALA:L = MRAHU :GOSUB 1550 

1350 PRINT “---” 

1360 VRK=TMOON-TRAVI:IF VRK<0 THEN VRK=VRK+360 
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1370 IF VRK< 12 OR VRK>348 THEN PRINT TAB(34); “NEW MOON DAY” :ZZ = 2 

1380 IF VRK> 168 AND VRK<192 THEN PRINT TAB(34); “FULL MOON DAY” 
:ZZ= 1 

1390 IF VRK> 12 AND VRK< 168 THEN PRINT TAB(28); “NOT NEW OR FULL 
MOON DAY” 

1400 LOCATE 24, 10:INPUT “DO YOU WANT ECLIPSE OR PLANETS 
COMPUTATIONS (E/P) ";A$ 

1410 IF ZZ<> 1 AND ZZ<>2 AND (A$= “E” OR A$ = “e”) 

THEN PRINT TAB(30) “ECLIPSE NOT POSSIBLE”:END 
1420 IF ZZ=1 AND A$= “E" OR A$= “e" THEN T0 = Hl + MI/60 :CHAIN 
“SSLEC”,,ALL 

1430 IF ZZ = 2 AND (A$= “E" OR A$= “e”) THEN T0 = Hl + MI/60 :CHAIN 
“SSSEC”,,ALL 

1440 IF A$= “P” OR A$= “p” THEN CHAIN “SSPLA"„ALL 

14S0 IF A$ < > “E” AND A$< > “e” AND A$< > ”P”ANDA$<> “p” THEN END 

1460 REM *** DESHANTARA CORRECTION *** 

1470 DESH = ULAM*DAILY#/360 

1480 PRINT “DESHANTARA CORRECTION: ”; 

1490 IF DAILY#<0 AND ULAM>0 THEN PRINT TAB(39) “-”;:GOTO 1530 
1500 IF DAILY#<0 AND ULAMcOTHEN PRINT TAB(39) “ + ”;:GOTO 1530 
1510 IF ULAM>0 THEN PRINT TAB(39) “ + ”; 

1520 IF ULAM<0 THEN PRINT TAB(39) 

1530 L = DESH:GOSUB 1550 
1540 RETURN 

1550 IF L<0 THEN L=ABS(L) 

1560 DEG = INT(L):MIN= (L-DEG)*60:SEC = INT((MIN-INT(MIN))*60 + .5) 

1570 IF DEG>=360 THEN DEG = DEG-360 

1580 IF SEC = 60 THEN SEC = 0:MIN = MIN+ 1: IF MIN=60 THEN MIN = 0 
:DEG = DEG + 1: IF DEG>=360 THEN DEG = DEG-360 

1590 PRINT TAB(40);DEG; “°“;INT(MIN); .:SEC;“"" 

1600 RETURN 

1610 REM *** EQUATION OF CENTRE *** 

1620 IF Z = 0 THEN PRINT “MANDOCCA: ”;:L = PMA:GOSUB 1550 
1630 PRINT “MANDA ANOMALY: ”; 

1640 L = PMAl:GOSUB 1550 

1650 PRINT “MANDA EQUATION : ”; 

1660 PMA1 = PMA1*PI/180: REM ** RADIANS ** 

1670 SN=SIN(PMA1) 

1680 PEQ=(K1-K2*ABS(SN))*SN:REM ** PLANET’S EQN. OF CENTRE ** 

1690 IF PMA1 <PI THEN PRINT TAB(39) “ + 
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1700 IF PMAl >PI THEN PRINT TAB (39) 
1710 L = PEQ:GOSUB lSSO 
1720 RETURN 


10 CLS:KEY OFF: REM * PROGRAM “SSLEC” 

20 PRINT TAB(18) “**♦*"**. 

30 PRINT TAB(18) “LUNAR ECLIPSE ACCORDING TO SURYA SIDDHANTA” 

40 PRINT TAB(18) 

SO PI=3.141592653589793# 

60 REM * TRUE RAVI,MOON,RAHU AT ISHTAKAALA TO, IN GHATIS * 

80 PRINT “AT”;GH; “GH’;VIG; “VIG. FROM MIDNIGHT ON”;Dl; "/"; MM; 7”;Y 
90 PRINT "TRUE RAVI: ”;TRAVI; “TRUE MOON: ”;TMOON; “RAHU: MRAHU 
100 REM * SMK:SUN’S ANOMALY; MMK:MOON’S ANOMALY * 

110 REM * SUN'S MEAN DAILY MOTION: 59’8.17”; MOON’S: 790'34.866'’ * 

120 SDM = 59.136*(1-(14/3GO)*COS(PI*SMK/180)):REM * SUN'S TRUE DAILY 
MOTION * 

130 MDM = 790.S81 #-(31/360)*783.898*COS(PI*MMK/180):REM * MOON’S 
TRUE DAILY MOTION * 

140 NDM= 191/60: REM * RAHU’S MEAN DAILY MOTION (MIN) * 

ISO REM * 783.898 = MEAN DAILY MOTION OF (MOON-MOON’S APOGEE)* 

160 SOPP = (TRAVI-TMOON) + 180:IF SOPP<0 THEN SOPP = SOPP + 360 
170 IF SOPP>360 THEN SOPP = SOPP-360 
180 IF SOPP<0 THEN SOPP = SOPP + 360 

190 PRINT “MOON’S DISTANCE FROM OPPN.: ”;:L = SOPP:GOSUB 990 
200 OPPT = SOPP*60/((MDM-SDM)/60) 

220 PRINT “INSTANT OF OPPN. AFTER MIDNIGHT: ”;:H= (TO + OPPT)*2/5 
:GOSUB 1040 

230 PRINT TAB(23) "*** AT THE INSTANT OF OPPOSITION ***” 

240 OPSUN=TRAVI+OPPT*SDM/ (60*60) 

2S0 PRINT “TRUE RAVI AT OPPN.: ”;:L = OPSUN:GOSUB 990 
260 OPMOON=TMOON + OPPT*MDM/ (60*60) 

270 PRINT “TRUE CHANDRA AT OPPN.: ”;:L = OPMOON:GOSUB 990 
280 OPNODE = MRAHU-190.745*OPPT/(3600*60) 

290 PRINT “RAHU AT OPPN.: ”;:L = OPNODE:GOSUB 990 
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300 SCDLA=SDM*6500/59.136:REM * SUN'S COR.DIAMETER (YOJANAS) 

310 SDIAY=SCDIA*4320000!/57753336# :REM * SUN’S DIAMETER IN YOJANAS * 

320 SDIA=SDLAY/15: REM * SUN'S DIAMETER IN ARC (MIN) * 

330 PRINT “SUN’S ANGULAR DIAMETER: ”;:M = SDIA:GOSUB 1090 

340 MDIAY=MDM*480/790.S81: REM * MOON’S DIAMETER IN YOJANAS * 

350 MDIA=MDIAY/15: REM * MOON'S DIAMETER IN ARC (MIN) * 

360 PRINT “MOON’S ANGULAR DIAMETER: ”;:M = MDIA:GOSUB 1090 
370 ECDIA=MDM* 1600/790.581 :REM * EARTH’S COR.DIAMETER (YOJANAS) * 
380 SCDEDLA=SCDIA - 1600 :REM * SUN’S COR.DIA - EARTH’S MEAN DIA * 
390 SHDIAY = ECDIA - SCDEDLA*480/6500 :REM*SHADOW’S DIAMETER 
(YOJANAS) * 

400 SHDIA = SHDLAY/15: REM * SHADOW’S DIAMETER IN ARC (MIN) * 

410 PRINT “SHADOW’S ANGULAR DIAMETER: ’’;:M = SHDIA:GOSUB 1090 
420 MLAT = 270*SIN(PI*(OPMOON-OPNODE)/180):MLATI=MLAT 
430 PRINT “MOON’S LATITUDE AT OPPN.: ”;:IF MLAT<0 THEN PRINT 
TAB (34); 

440 M = MLAT:GOSUB 1090 

450 GRASA=.5*(MDIA+SHDIA)-MLAT 

460 PRINT “MOON’S OBSCURED PORTION (GRASA): ”;:M = GRASA 
:GOSUB 1090 

470 IFGRASA>0 AND GRASA<MDLA THEN PRINT TAB(29) “LUNAR ECLIPSE 
IS PARTIAL” :ZZ= 1 

480 IF GRASA<0 THEN PRINT TAB(29) “LUNAR ECLIPSE NOT POSSIBLE” :END 
490 IF GRASA> =MDLA THEN PRINT TAB(29) “LUNAR ECLIPSE IS TOTAL” 

500 PRINT TAB(60) "PRESS ANY KEY”:A$=INPUT$(1) 

510 CLS:REM * HALF-DURATIONS OF ECLIPSE AND TOTALITY * 

520 HDUR=60*SQR(((SHDIA+MDIA)/2) /v 2-MLAT~2)/(MDM-SDM) 

530 PRINT “HALF-DURATION OF THE ECLIPSE: ”;TAB(35);HDUR; “NAADIS” 

540 IF ZZ= 1 THEN GOTO 570 

550 HDURT = 60*SQR(((SHDIA-MDIA)/2) ~ 2 - MLAT ~ 2)/(MDM-SDM) 

560 PRINT “HALF-DURATION OF THE TOTALITY: ”;TAB(35);HDURT; "NAADIS” 
570 REM * AT THE END OF THE ECLIPSE * 

580 TMOON=OPMOON+HDUR*MDM/3600 

:MRAHU = OPNODE-HDUR*NDM/3600: REM *DEG* 

590 MLAT = 270*SIN(PI*(TMOON-MRAHU)/180) 

:IF MLAT<0 THEN PRINT TAB(34) 

600 PRINT “MOON’S LATITUDE AT THE END: ”;:M = MLAT:GOSUB 1090 
610 HDUR2 = 60*SQR(((SHDIA+MDIA)/2)~2-MLAT~2)/(MDM-SDM) 

620 PRINT “COR.SECOND HALF-DURN.OF ECLIPSE: ”;TAB(35);HDUR2; 
“NAADIS" 
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630 

640 

650 

660 

670 

680 

690 

700 

710 

720 

730 

740 

750 

760 

770 

780 

790 

800 

810 

820 

830 

840 

850 

860 

870 

880 

890 

900 

910 

920 

930 

940 


REM * AT THE BEGINNING OF THE ECLIPSE ’ 

TMOON=OPMOON-HDUR*MD M/3600 

:MRAHU = OPNODE+HDUR*NDM/3600:REM *DEG* 

MLAT=270*SIN(PI*(TMOON-MRAHU)/18Q) 

:IF MLAT<0 THEN PRINT TAB(34) 

PRINT “MOON’S LAT.AT BEGIN OF ECLIPSE: ”;:M = MLAT :GOSUB 1090 
HDUR1 =60*SQR(((SHDIA+MDIA)/2) ~ 2-MLAT ~ 2)/(MDM-SDM) 

PRINT “COR.FIRST HALF-DURN.OF ECLIPSE: ";TAB(35);HDUR1; “NAADIS" 

IF ZZ=1 THEN GOTO 820 

REM * AT THE END OF THE TOTALITY * 

TMOON=OPMOON+HDURT*MD M/3600 
:MRAHU = OPNODE-HDURT*NDM/3600:REM *DEG* 

MLAT=270‘S1N(PI*(TMOON-MRAHU)/180) 

:IF MLAT<0 THEN PRINT TAB(34) 

PRINT “MOON’S LAT. AT END OF TOTALITY: ”;:M = MLAT :GOSUB 1090 
HDURT2 = 60*SOR(((SHDLA-MDIA)/2) ~ 2-MLAT ~ 2)/(MDM-SDM) 

PRINT “COR.SECOND HALF-DURN.OF TOTALITY: ”;TAB(35): HDURT2; 
“NAADIS" 

REM * AT THE BEGINNING OF THE TOTALITY * 

TMOON= OPMOON-HDURT*MDM/3600 

:MRAHU = OPNODE + HDURT*NDM/3600:REM *DEG* 

MLAT=270*SIN(PI*(TMOON-MRAHU)/180) 

.IF MLAT<0 THEN PRINT TAB(34) 

PRINT “MOON'S LAT.AT BEGIN.OF TOTALITY: ”;:M = MLAT :GOSUB 1090 
HDURTl = 60*SQR(((SHDIA-MDIA)/2) ~ 2-MLAT ~ 2)/(MDM-SDM) 

PRINT “COR.FIRST HALF-DURN.OF TOTALITY: ”;TAB(35);HDURTI; 
“NAADIS” 


PRINT TAB (24) 
PRINT TAB(24) 
PRINT TAB (24) 


“* SUMMARY OF THE LUNAR ECLIPSE *” 


BEG = (TO + OPPT-HDURl)*2/5 :REM * BEGINNING OF ECLIPSE IN HRS * 


PRINT “BEGINNING OF THE ECLIPSE: ";:H=BEG:GOSUB 1040 


IF ZZ=1 THEN GOTO 900 


BEGT = (T0+OPPT-HDURTl)*2/5 

:REM * BEGINNING OF TOTALITY IN HRS * 

PRINT “BEGINNING OF THE TOTALITY: ”;:H = BEGT:GOSUB 1040 
MID= (TO + OPPT)*2/5:REM * MIDDLE OF THE ECLIPSE IN HRS * 
PRINT “MIDDLE OF THE ECLIPSE: ”;:H = MID:GOSUB 1040 
IF ZZ= 1 THEN GOTO 950 

ENDT = (TO+OPPT+ HDURT2) *2/5 :REM * END OF TOTALITY IN HRS * 
PRINT “END OF THE TOTALITY: ”;:H = ENDT.GOSUB 1040 
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950 ENDE = (TO + OPPT+HDUR2)*2/5 :REM * END OF ECLIPSE IN HRS * 
960 PRINT “END OF THE ECLIPSE: ";:H = ENDE:GOSUB 1040 
970 END 

980 REM * CONVERSION INTO DEG,MIN,SEC OF ARC* 

990 IF L<0 THEN L=ABS(L) 

1000 DEG=INT(L) :MINT = (L-DEG) *60 :MIN=INT (MINT) 

: SEC = INT((MINT-MIN) * 60 + .5) 

1010 IF SEC=60 THEN SEC = 0:MIN=MIN+ 1:IF MIN=60 THEN MIN=0 
:DEG = DEG+1 

1020 PRINT TAB(3S);DEG; “°“;MIN; SEC; 

1030 RETURN 

1040 REM * CONVERSION TO HRS,MIN,SEC OF TIME * 

1050 HRS = INT(H):MNT = (H-HRS)*60:MIN=INT(MNT) 

:SEC = INT ((MNT-MIN) *60 +. 5) 

1060 IF SEC = 60 THEN SEC = 0:MIN = MIN+1:IF MIN=60 
THEN MIN=0:HRS = HRS + 1 
1070 PRINT TAB(3S);HRS; “H-“;MIN; “M-”;SEC; “S” 

1080 RETURN 

1090 REM * CONVERSION TO MIN AND SEC OF ARC * 

1100 MIN=INT (M): S E C=INT ((M-MIN)*60+.5) :IF SEC=60 
THEN SEC=0:MIN=MIN+1 

1110 PRINT TAB(35);MIN;.;SEC; . 

1120 RETURN 


10 CLS.REM * PROGRAM “SSSEC” 

20 PRINT TAB(23); “****************************” 

30 PRINT TAB(23); "* SOLAR ECLIPSE 

40 PRINT TAB(23); “* ACCORDING TO 

50 PRINT TAB(23); “* SURYA SIDDHANTA 

60 PRINT TAB(23); “****************************» 

70 PRINT:PI=3.14159256#:DTR=PI/180: RTD= 1/DTR :REM * DEG TO RAD & 
RAD TO DEG * 

140 REM ** True Sun (TRAVI),True Moon (TMOON), Node (MRAHU) at TO HRS * 
150 PRINT:PRINT TAB(25) “AT“;T0; “HRS ON”;Dl; “/”;MM; 7”;Y 
160 T= (Y-1900+ (MM-l)/12 + Dl/365)/100 

:REM * JULIAN CENTURIES SINCE 1/ 1/1900 * 
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170 AYA=22.4604222# + (1.3960416#*T) + (1.111/3600) *T*T+ (.0001 *T*T*T/3600) 
180 PRINT:PRINT TAB(2S); “AYANAMSA: ”;:L=AYA:GOSUB 2130 

190 PRINT:PRINT “** TRUE SUN: ”;TRAVI; “TRUE MOON: “;TMOON; 

“NODE: ”; MRAHU 

200 PRINT 

210 REM ** SMK:Sun’s anomaly; MMK.'Moon’s anomaly ** 

220 SDM = 59.13333*(1-14*COS(SMK*PI/180)/360) :REM * SUN’S TRUE DAILY 
MOTION * 

230 PRINT “SUN’S TRUE DAILY MOTION: ”;:M = SDM:GOSUB 2080 

240 MDM=790.5666-31 *783.9*COS(MMK*PI/180)/360 :REM * MOON'S TRUE 
DAILY MOTION * 

250 REM ** 783.9 = MEAN DAILY MOTION OF (MOON - MOON’S APOGEE) ** 
260 PRINTPRINT “MOON'S TRUE DAILY MOTION: ";:M = MDM :GOSUB 2080 
270 SCON = (TRAVI-TMOON):IF SCON<0 THEN SCON=SCON+360 
280 PRINTrPRINT “MOON’S DISTANCE FROM CONJN.: ’’;:L = SCON :GOSUB 2130 
290 TCON=SCON*24/((MDM-SDM)/60) 

300 H1 = TO + TCON:H (0) = H1 

310 PRINT:PRINT “TIME OF CONJN.AFTER MIDNIGHT”;:N=Hl*5/2 
:GOSUB 2200 

320 H = Hl:GOSUB 1120 

330 PRINT:PRINT TAB(60) “PRESS ANY KEY”:A$ = INPUT$(1) 

350 FOR 1= 1 TO 20 

360 CLS:PRINT TAB(15) “* AT THE TIME OF CONJUNCTION (APPROXN I;”) *” 
370 IF I< >10 THEN GOTO 390 

380 CLS:PRINT TAB(12) “* AT THE TIME OF APPARENT CONJN. (AFTER”; 

I; “ITERATIONS *” 

390 CSUN1 = TRAVI + TCON*SDM/(60*24) 

400 PRINT “TRUE LONG. OF SUN: ";:L = CSUNl:GOSUB 2130 
410 CMOONl = TMOON+TCON*MDM/(60*24) 

420 PRINT “TRUE LONG. OF MOON: ”;:L = CMOONl:GOSUB 2130 
430 CNODE1 = MRAHU-190.7*TCON/(3600*24) 

440 PRINT “LONG. OF NODE: ”;:L = CNODEl:GOSUB 2130 

450 TSUN1 =CSUN1 +AYA:IF TSUN1>360 THEN TSUN1 = TSUNl-360 

460 IF TSUN1<0 THEN TSUNl=TSUNl + 360 

470 PRINT:PRINT “SAYANA RAVI (TROP.SUN): ";:L = TSUNl:GOSUB 2130 
480 IF 1 = 10 THEN GOTO 840 

490 PRINT “ORIENT ECLIPTIC PT.(LAGNA): ”;:T = H(I- l):GOSUB 1660 
500 OREC = TLAG: L = OREC:GOSUB 2130 

510 ORSIN = 3438*SIN(24*DTR)*SIN(OREC*DTR)/COS(PHI*DTR) 

:REM * ORIENT SINE: UDAYAJYA* 
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520 PRINT “ORIENT SINE (UDAYA JYA): ”;TAB(35);ORSIN;. 

530 PRINT:PRINT “MERIDIAN ECLIPTIC POINT (M.C.): ”;:L = MC :GOSUB 2130 
540 MERSIN = 3438*SIN(24‘DTR)*SIN(MC*DTR): REM * MERIDIAN SINE * 

SSO PRINT “MERIDIAN SINE (MADHYA JYA): ”;:M = MERSIN:GOSUB 2080 
560 X = MERSIN /3438:GOSUB 880.REM * DECLINATION OF MC (in Deg)* 

570 PRINT “DECLINATION OF THE MERIDIAN: 

580 IF DEC<0 THEN PRINT TAB(34); 

590 L = DEC:GOSUB 2130 

600 MERZEN = DEC - PHI: REM * PHI = PD + PM/60: LAT OF THE PLACE* 

610 PRINT “MERIDIAN ZENITH DISTANCE: ";:IF MERZENcO 
THEN PRINT TAB(34); 

620 L = MERZEN:GOSUB 2130 

630 SNMERZ=3438*SIN(MERZEN*DTR) 

640 OSMZ = ORSIN ’ SNMERZ/3438 

650 DRKSHEPA = SQR(SNMERZ ~ 2 - OSMZ ~ 2) 

660 PRINT "SINE OF ECL.ZEN.DIST.(DRKKSHEPA): :M = DRKSHEPA 
:GOSUB 2080 

670 SNECALT=SQR(3438 ~ 2-DRKSHEPA ~ 2) 

680 PRINT “SINE OF ECL.ALTITUDE (DRGGATI): ”;:M = SNECALT :GOSUB 2080 
690 CHEDA= 1719 ~ 2/SNECALT:REM * RSIN(30 Deg) = 1719 * 

700 PRINT “DIVISOR (CHEDA): ”;:M = CHEDA:GOSUB 2080 
710 LAMBANA=3438*(SIN((MC-TSUN1)*DTR))/CHEDA 
720 PRINT “(PARALLAX IN LONG.) LAMBANA: 

730 IF LAMBANA<0 THEN PRINT TAB (34); 

740 N = LAMBANA:GOSUB 2200 

750 H = LAMBANA*2/5:IF H<0 THEN PRINT 

760 GOSUB 1120 

770 H(I) = H1 + LAMBANA*2/5 

780 PRINT:PRINT “COR.TIME OF APPARENT CONJN.: “;:N = H(I)*5/2 
:GOSUB 2200 

790 H=H(I):GOSUB 1120 
795 PRINT “H(“;I; “) = ”;H(I) 

800 TCON=TCON + 2*LAMBANA/5 

810 PRINT:PRINT TAB(60); “PRESS ANY KEY”:A$=INPUT$(1) 

820 IF 1 = 20 OR ABS(H(I)-H(I-1))< 1 THEN 10 = 1: GOTO 380 
830 NEXT I 

840 NATI= (731.45/15)*DRKSHEPA/3438 

880 PRINT “PARALLAX IN LATITUDE (NATI): :IF NATI<0 THEN TAB(34); 

860 M = NATI:GOSUB 2080 
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870 GOTO 900 

880 DEC = RTD*ATN(X/SQR(1-X*X)) 

890 RETURN 

900 MLAT1 = 270*SIN(DTR* (CMOON1 -CNODE1)) 

910 PRINT “MOON’S LATITUDE AT APPNT.CONJN.: ”;:IF ML ATI <0 
THEN PRINT TAB(34) 

920 M=MLATl:GOSUB 2080 
930 APLAT=MLAT 1 + NATI 

940 PRINT “MOON’S APPARENT LAT. AT CONJN.: ”;:1F APLAT<0 
THEN PRINT TAB(34) 

950 M=APLAT:GOSUB 2080 

960 SCDIA=SDM*6500/59.136:REM * SUN'S COR.DIAMETER (YOJANAS) * 

970 SDIAY=SCDIA*4320000!/S7753336# 

:REM * SUN’S DIAMETER IN YOJANAS* 

980 SDIA=SDIAY/1S: REM * SUN’S DIAMETER IN ARC (MIN) * 

990 PRINT:PRINT “SUN'S ANGULAR DIAMETER: ”;:M=SDLA:GOSUB 2080 
1000 MDIAY=MDM*480/790.581: REM * MOON’S DIAMETER IN YOJANAS * 
1010 MDIA=MDIAY/15: REM * MOON'S DIAMETER IN ARC (MIN) * 

1020 PRINT “MOON’S ANGULAR DIAMETER: ”;:M = MDIA:GOSUB 2080 
1030 OBS = .5*(SDIA+MDIA)-ABS(APLAT) 

1040 PRINT:PRINT “OBSCURN.AT APPRNT.CONJN (GRAASA): ”;:M = OBS 
:GOSUB 2080 
1050 PRINT 

1060 IF OBS<0 THEN PRINT TAB(30) “ECLIPSE NOT VISIBLE’’:END 
1070 IF OBS<SDIA THEN PRINT TAB(31) “ECLIPSE IS PARTLAL”:ZZ= 1 
1080 IF OBS> =SDIA THEN PRINT TAB(31) “ECLIPSE IS TOTAL” 

1090 PRINT:PRINT TAB(20) “MAGNITUDE OF THE ECLIPSE: ";OBS/SDIA 
1100 LOCATE 22,60:PRINT “<PRESS ANY KEY> ":A$ = INPUT $(1) 

1110 PRINT:IF ZZ = 1 THEN GOTO 1170 

1120 REM ** CONVERSION INTO HRS, MIN, SEC ** 

1130 H=ABS (H) :HRS = INT(H) :M = 60* (H-HRS) :MIN=INT(M) 

:SEC=INT ((M-MIN) * 60) 

1140 PRINT TAB(54) HRS; "H-”;MIN; “M-”;SEC; “S” 

1150 RETURN 

1160 REM * HALF-DURATIONS * 

1170 DBET=SIN(4.5 *DTR) ‘COS ((CMOON1-CNODE1) *DTR) *829.91833# 
1180 A= (MDM-SDM) ~ 2 + DBET ^ 2 
1190 B = 2*APLAT*DBET 

1200 DEL1 = (SDIA+MDLA)/2:DEL2 = (SDIA-MDIA)/2 
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1210 Cl =APLAT~2-DEL 1~2 
1220 C2=APLAT''2-DEL2 y '2 
1230 DISCR1=B~2-4*A*C1 
1240 DISCR2 = B / '2-4*A*C2 
1250 CLS 

1260 REM *** FIRST-HALF DURATION OF THE ECLIPSE *** 

1270 T1 =60*ABS((-B-SOR(DISCR1))/(2*A)) 

1280 PRINT “FIRST-HALF DURATION OF ECLIPSE: ";:N=Tl:GOSUB 2200 
1290 H=Tl*2/S:GOSUB 1120 

1300 REM *** SECOND-HALF DURATION OF THE ECLIPSE *** 

1310 T4=60*(-B + SQR(DISCR1))/(2*A) 

1320 PRINT 

1330 PRINT “SECOND-HALF DURATION OF ECLIPSE: ”;:N=T4:GOSUB 2200 
1340 H = T4*2/5:GOSUB 1120 
1350 IF ZZ=1 THEN GOTO 1460 

1360 REM *** FIRST-HALF DURATION OF TOTALITY *** 

1370 T2=60*ABS((-B-SQR(DISCR2))/(2*A» 

1380 PRINT 

1390 PRINT “FIRST-HALF OF TOTALITY: ”;:N=T2:GOSUB 2200 
1400 H = T2*2/5:GOSUB 1120 

1410 REM *** SECOND-HALF DURATION OF TOTALITY *** 

1420 T3=60*(-B + SQR(D1SCR2))/(2*A) 

1430 PRINT 

1440 PRINT “SECOND-HALF OF TOTALITY: ”;:N = T3:GOSUB 2200 
1450 H = T3*2/5:GOSUB 1120 
1460 PRINT 


1470 PRINT TAB(5) ■*********‘********‘************......... 

1480 PRINT TAB(5) “** SUMMARY OF THE SOLAR ECLIPSE **" 
1490 PRINT TAB(5) ■••***.*****•*****•**********•**•**»*•****.•***■■ 
1500 PRINT TAB(25); “ ON”;Dl; 7”;MM; 7”;Y; “ AT”;PLACE$ 

1510 PRINT TAB(35) “LOCAL MEAN TIME” 

1520 PRINT TAB(5) “BEGINNING OF THE ECLIPSE: ";:N = 5*H(I)/2-Tl 
:GOSUB 2200 


1530 H=N*2/5:GOSUB 1120 
1540 IF ZZ=1 THEN GOTO 1570 


1550 PRINT TAB(5) “BEGINNING OF TOTALITY: ”;:N = 5*H(I)/2-T2 :GOSUB 2200 
1560 H = N*2/5:GOSUB 1120 

1570 PRINT TAB(5) “MIDDLE OF THE ECLIPSE: ”;:N = 5*H(I)/2:GOSUB 2200 
1580 H=H(I):GOSUB 1120 
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1S90 IF ZZ=1 THEN GOTO 1620 

1600 PRINT TAB(5) “END OF TOTALITY: ";:N=5*H(I)/2 + T3:GOSUB 2200 
1610 H = N*2/5:GOSUB 1120 

1620 PRINT TAB(S) “END OF THE ECLIPSE: ”;:N=S*H(I)/2 + T4:GOSUB 2200 
1630 H=N*2/5:GOSUB 1120 

1640 PRINT TAB(5) “**********.*****............................ 

1645 LOCATE,24:INPUT “DO YOU WANT ANOTHER TRIAL (Y/N)”;Y$ 

1650 IF Y$= “Y” OR Y$= “y” THEN CHAIN “SSRAMOON” ELSE END 
1660 REM *** ORIENT ECLIPTIC POINT (SAYANA LAGNA) *** 

1670 REM * T: TIME IN 1ST FOR WHICH LAGNA & MC ARE REQUIRED * 
1675 PRINT “T = ”;T 

1680 G1 = 6.63627+6.570982*.01*(JJ-2443144!) 

1690 TS = Gl-INT(Gl/24) *24 

1700 IF LD>= THEN L = LD+(LM/60) 

1710 IF LD<0 THEN L = LD-(LM/60) 

1720 S = L/15 + TS + (T-5.5)/1436*4 
1730 IF S>24 THEN S = S-24 
1740 IF S<0 THEN S = S+24 
1750 ST = S 
1760 T=T-5.5 

1770 H = ST+T:IF PD<0 THEN H = H+12 
1780 IF H>24 THEN H = H-24 
1790 IF H<0 THEN H = H + 24 
1800 GOSUB 1810:GOTO 1830 

1810 MIN= (H-INT(H))*60:TTY=INT((MIN-INT(MIN))*60) 

1820 RETURN 

1830 IF PD + PM/60 >0 THEN PHI = PD + PM/60 
1840 IF PD + PM/60<0 THEN PHI = PD-PM/60 
1850 S = H:S = S*15 

1860 A=S + 90:A=A*DTR:W=23.45*DTR 
1870 GOSUB 1970 
1880 S = H:S = S*15 
1890 B=ATN(TAN(A)*COS(W)) 

1900 T=ATN(COS(A)*TAN(W)) 

1910 El = ATN(SIN(A)*SIN(W)*TAN(ABS(PHI*DTR+T))) 

1920 L = (B + E1)*RTD 

1930 IF PD<0 THEN L = 180 + L 

1940 EF L<0 THEN L = L + 360 
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19S0 IF S<180 THEN L = L+180 
1960 TLAG = L 

1970 IF PD<0 THEN S = S-180:IF S<0 THEN S = S + 360 
1980 TRS = S*DTR 

1990 IF S = 90 THEN MC=90:GOTO 2030 
2000 IF S = 180 THEN MC=180:GOTO 2030 
2010 IF S = 270 THEN MC = 270:GOTO 2030 
2020 A2 = RTD'ATN(TAN(TRS)/COS (W)) 

2030 IF S>90 AND S< 180 THEN MC= 180+A2 
2040 IF S>180 AND S<270 THEN MC=180+A2 
20S0 IF S<90 OR S>270 THEN M = A2 
2060 IF MC<0 THEN MC = MC + 360 
2070 RETURN 
2080 M=ABS(M) 

2090 MIN = INT(M):SEC = INT((M-MIN)*60+.5) 

2100 IF SEC = 60 THEN SEC = 0:MIN=MIN+1 
2110 PRINT TAB(35);MIN; “ “;SEC; “ “ 

2120 RETURN 

2130 IF L<0 THEN L=ABS(L) 

2150 DEG = INT(L):MIN=(L-DEG)*60:SEC=INT((MIN-INT(MIN))*60 + .5) 
2160 IF DEG>=360 THEN DEG=DEG-360 

2170 IF SEC = 60 THEN SEC = 0:MIN=MIN+ DIF MIN=60 THEN MIN=0 
:DEG = DEG + 1 :IF DEG = 360 THEN DEG = DEG-360 

2180 PRINT TAB(35);DEG; “'”’;INT(MIN); “"‘;SEC; “ 

2190 RETURN 
2200 N = ABS(N) 

2210 NADI=INT(N):VIN=INT((N-NADI)*60+.5) :IF VIN=60 THEN 
VIN = 0:NADI= NADI+1 

2220 PRINT TAB(35);NADI;TAB(39); “na.";TAB(43);VIN; “vin.”; 

2230 RETURN 
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10 CLS:REM ** PROGRAM "SSPLA" ** 

20 PRINT TAB(23); .************.***********.****’’ 

30 PRINT TAB(23); “* PLANETS'POSITIONS ACCORDING TO *” 

40 PRINT TAB(23); “* SURYA SIDDHANTA 

SO PRINT TAB(23); “*****....................................... 

60 PI=3.1415926S3S89793# 

70 PRINT “-" 

80 PRINT “**********KUJA SPHLJTA**********” 

90 REM ** NO. OF REVNS. 2 296 832 REVOLNS IN 1 577 917 828 CIVIL DAYS ** 
100 DAILY= 1.455609385S09776D-03:REM ** REVOLN 
110 MKUJA=KALI* DAILY: REM ** REVOLN ** 

120 REV = INT(MKUJA) :PRINT TAB (IS) “REVOLNS SINCE KALI EPOCH: ”;REV 
130 MKUJA=360*(MKUJA-REV) 

140 PRINT “MEAN KUJA AT UJJAYINI MIDNIGHT; ”; 

ISO L = MKUJA:GOSUB 1380 

160 REM *** DAILY MOTION: 31’ 26" = 0.S23888888 DEG *** 

170 DAILY=360*DAILY:GOSUB 1290 
180 KAALA=(GH+VIG/60)*DAILY/60 
190 PRINT "MOTION FOR”;GH; “ GH’’;VIG; “ VIG: ”; 

200 L = KAALA:GOSUB 1380 

210 PRINT “MEAN KUJA AT GIVEN TIME AT";PLACE$; 

220 MKUJA=MKUJA+DESH + KAALA:L = MKUJA:GOSUB 1380 

230 K3=235/(2 *PI) :K4 = 3/(2*PI) :MPLANET = MKUJA:SHIGHROCCA= MRAVI 

240 PMA= (129.96/360) + (KALI*204/(CIVIL*1000)) 

:REM ** KUJA’S MANDOCCA ** 

250 PMA = 360*(PMA-INT(PMA)) 

260 PMA1 =PMA-MKUJA: IF PMA1<0 THEN PMA1 =PMA1+360 
270 P$= “KUJA”: Kl = 75/(2 * PI): K2 = 3/(2*PI) 

280 GOSUB 1600 

290 LOCATE 23,60:PRINT "PRESS ANY KEY TWICE” 

300 A$ = INPUT$(2) 

310 PRINT “**********BUDHA SPHUTA**********” 

320 REM ** 17 937 060 REVNS IN 1 S77 917 828 CIVIL DAYS ** 

330 DAILY= 1.136755012314874D-02:REM * REVN * 

340 MBUDHA=KALI*DA]ILY:REM * REVN * 

350 REV=INT(MBUDHA) :PRINT TAB(15) “REVOLNS SINCE KALI EPOCH: 
”;REV 

360 MBUDHA=360*(MBUDHA-REV) 

370 PRINT “BUDHA-SHIGHRA AT UJJAYINI MIDNIGHT: ”; 
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380 L = MBUDHA:GOSUB 1380 

390 REM *** BUDHA’S DAILY MOTION: 245' 32" = 4.092222222 DEG *** 

400 DAILY = 360*DAILY:GOSUB 1290:REM * DEG * 

410 KAALA= (GH + VIG/60) ‘DAILY/60 

420 PRINT “MOTION FOR”;GH; “ GH”;VIG; “ VIG: 

430 L = KAALA:GOSUB 1380 

440 PRINT "SHIGHROCCA AT GIVEN TIME AT’';PLACE$; 

450 MBUDHA=MBUDHA+DESH + KAALA:L = MBUDHA :GOSUB 1380 
460 PRINT “MEAN BUDHA (i.e.RAVI): ”;:L = MRAVI :GOSUB 1380 
470 K3 = 133/(2*PI):K4= 1/(2*PI) 

480 SHIGHROCCA=MBUDHA:MPLANET = MRAVI 

490 PMA= (220.32/360) + (KALI*368/(CIVIL*1000)) 

:REM ** BUDHA'S MANDOCCA ** 

500 PMA = 360*(PMA-INT(PMA)) 

510 PMA1 = PMA-MPLANET :IF PMA1<0 THEN PMA1 = PMA1+ 360 
520 P$= “BUDHA”:K1 =30/(2*PI):K2 = 2/(2*PI) 

530 GOSUB 1600 

540 LOCATE 23,60:PRINT “PRESS ANY KEY TWICE” 

550 A$ = INPUT$(2) 

560 PRINT “--” 

570 PRINT “**********GURU SPHUTA**********” 

580 REM ** 364 220 REVOLNS IN 1 577 917 828 CIVIL DAYS ** 

590 DAILY=2.308231731316746D-04:REM * REVN * 

600 MGURU = KALI*DAILY:REM * REVNS * 

610 REV=INT(MGURU) :PRINT TAB(IS) “REVOLNS SINCE KALI EPOCH: ”;REV 
620 MGURU = 360*(MGURU-REV) 

630 PRINT “MEAN GURU AT UJJAYINI MIDNIGHT: 

640 L = MGURU:GOSUB 1380 

650 REM *** GURU’S DAILY MOTION: 4’ 59" = 0.083055555 DEG *** 

660 DAILY=360*DAILY:GOSUB 1290 
670 KAALA=(GH+VIG/60)‘DAILY/60 
680 PRINT "MOTION FOR ”;GH; ” GH”;VIG; “ VIG: 

690 L = KAALA:GOSUB 1380 

700 PRINT “MEAN GURU AT GIVEN TIME AT”;PLACE$; 

710 MGURU = MGURU+ DESH + KAALA:L = MGURU:GOSUB 1380 
720 K3 = 70/(2*PI):K4 = -2/(2*PI):MPLANET = MGURU:SHIGHROCCA=MRAVI 
730 PMA= (171/360)+ (KALI*900/(CIVIL*1000)) :REM ** GURU’S MANDOCCA 
740 PMA = 360*(PMA-INT(PMA)) 

750 PMA1 = PMA-MGURU:IF PMA1<0 THEN PMAl = PMAl + 360 
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760 P$= “GURU":K1 =33/(2*PI);K2 = 1/{2*PI) 

770 GOSUB 1600 

780 LOCATE 23,60:PRINT “PRESS ANY KEY TWICE” 

790 A$ = INPUT$(2) 

800 PRINT “-” 

810 PRINT “**********SHUKRA SPHUTA**********” 

820 REM ** 7 022 376 REVNS IN 1 S77 917 828 CIVIL DAYS ** 

830 DAILY= 4.460406653241768D-03:REM * REVN * 

840 MSHUKRA=KALI*DAILY: REM * REVNS * 

850 REV=INT(MSHUKRA) 

■.PRINT TAB (IS) “REVOLNS SINCE KALI EPOCH: ”;REV 
860 MSHUKRA=360*(MSHUKRA-REV) 

870 PRINT “SHUKRA-SHIGHRA AT UJJAYINI MIDNIGHT: 

880 L = MSHUKRA:GOSUB 1380 

890 REM *** SHUKRA'S DAILY MOTION: 96’ 7” 43' " 37.3" " 

900 DAILY=360*DAILY:GOSUB 1290:REM * DEG * 

910 KAALA= (GH+VIG/60)‘DAILY/60 

920 PRINT “MOTION FOR“;GH; “ GH”;VIG; “ VIG: 

930 L = KAALA:GOSUB 1380 

940 PRINT “SHIGHROCCA AT GIVEN TIME AT”;PLACE$; 

950 MSHUKRA=MSHUKRA+DESH+KAALA:L = MSHUKRA:GOSUB 1380 
960 PRINT “MEAN SHUKRA (i.e.RAVI): ”;:L = MRAVI:GOSUB 1380 
970 K3 = 262/(2*PI):K4 = 2/(2*PI) 

980 SHIGHROCCA = MSHUKRA:MPLANET = MRAVI 

990 PMA= (79.65/360) + (KALI*535/(CIVIL* 1000)) 

:REM ** SHUKRA'S MANDOCCA ** 

1000 PMA= 360* (PMA-INT (PMA)) 

1010 PMA1 =PMA-MPLANET. IF PMA1<0 THEN PMA1 =PMA1 + 360 
1020 P$= “SHUKRA”: K1 = 12/(2*PI):K2 = 1/(2*PI) 

1030 GOSUB 1600 

1040 LOCATE 23,60:PRINT “PRESS ANY KEY TWICE” 

1050 A$ = INPUT$(2) 

1060 PRINT “**********shANI SPHUTA**********” 

1070 REM ** 146 568 REVNS IN 1577197828 CIVIL DAYS ** 

1080 DAILY= 9.2886966228003ID-05 :REM * REVN * 

1090 MSHANI = KALI*DAILY:REM * REVNS * 

1100 REV=INT(MSHANI) :PRINT TAB(15) “REVOLNS SINCE KALI EPOCH: ”;REV . 
1110 MSHANI = 360*(MSHANI-REV) 

1120 PRINT “MEAN SHANI AT UJJAYINI MIDNIGHT: 





184 Indian Astronomy: An Introduction 

1130 L = MSHANI:GOSUB 1380 

1140 REM ** SHANI'S DAILY MOTION: 2' 0" 22' " 53.4" " ** 

1150 DAILY=360*DAILY:GOSUB 1290:REM * DEG * 

1160 KAALA=(GH+VIG/60)‘DAILY/60 

1170 PRINT "MOTION FOR”;GH; “ GH";VIG; “ VIG: 

1180 L = KAALA:GOSUB 1380 

1190 PRINT “MEAN SHANI AT GIVEN TIME AT”;PLACE$; 

1200 MSHANI=MSHANI+DESH + KAALA:L = MSHANI:GOSUB 1380 

1210 K3 = 40/ (2 * PI): K4 = l/(2*PI):MPLANET = MSHANI:SHIGHROCCA=MRAVI 

1220 PMA= (236.61/360)+ (KALI*39/(CIVIL* 1000)) 

:REM “ SHANI’S MANDOCCA “ 

1230 PMA= 360* (PMA-INT (PMA)) 

1240 PMA1 = PMA-MSHANI:IF PMA1<0 THEN PMAl=PMAl + 360 
1250 P$= “SHANI'':K1 =49/(2*PI):K2 = 1/(2*PI) 

1260 GOSUB 1600 

1270 LOCATE 23,60:PRINT " END OF THE PROGRAM” 

1280 END 

1290 REM *** DESHANTARA CORRECTION *** 

1300 DESH = ULAM*DAILY/360 

1310 PRINT "DESHANTARA CORRECTION: 

1320 IF DAILYcO AND ULAM>0 THEN PRINT TAB(39) “-”;:GOTO 1360 
1330 IF DAILYcO AND ULAMcO THEN PRINT TAB(39) “ + ”;:GOTO 1360 
1340 IF ULAM>0 THEN PRINT TAB(39) “ + 

1350 IF ULAMcO THEN PRINT TAB(39) 

1360 L = DESH:GOSUB 1380 
1370 RETURN 

1380 IF LcO THEN L=ABS(L) 

1390 DE G = INT (L) :MIN = (L-DEG) *60: S E C = INT ((MIN-INT (MIN)) *60+. 5) 
1400 IF DEO =360 THEN DEG = DEG-360 

1410 IF SEC = 60 THEN SEC = 0:MIN=MIN+1:IF MIN=60 THEN MIN=0 
:DEG = DEG + 1:IF DEG>=360 THEN DEG = DEG-360 
1420 PRINT TAB(40);DEG; “°";INT(MIN); "'”;SEC;“"” 

1430 RETURN 

1440 REM *** SHIGHRA EQNS. *** 

1450 IF P$c> “BUDHA” AND P$c> “SHUKRA” AND Z = 0 

THEN PRINT “SHIGHROCCA: ”;:L = SIRGHROCCA:GOSUB 1380 
1460 PRINT "SHIGHRA ANOMALY: 

1470 L = PMK:GOSUB 1380 
1480 PI= 3.141S9256# 
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1490 PMK=PMK*PI/180:REM * RADIAN * 

1500 SN=SIN(PMK) :CS = COS (PMK) 

1510 K=(PI/180)*(K3-K4*ABS(SN)) 

:REM ** COR.SHIGHRA RADIUS IN RADIANS ** 

1520 DPL = K*SN:REM ** DOHPHALA ** 

1530 SKR=SQR(K*K+2*K*CS + 1):REM ** SIGHRAKARNA ** 

1540 SE = (180/PI)*ATN(ABS(DPL/SQR(SKR*SKR-DPL*DPL))) 

:REM ** SHIGHRA EQN ** 

1550 IF PMK>PI THEN SE=-SE 

1560 PRINT “SHIGHRA EQN: ”;:IF PMK<PI THEN PRINT TAB(39) “ + 

1570 IF PMK>PI THEN PRINT TAB(39) 

1580 L = SE:GOSUB 1380 
1590 RETURN 

1600 REM *** MANDA and SHIGHRA CORRECTIONS *** 

1610 PMK=SHIGHROCCA-MPLANET:IF PMK<0 THEN PMK=PMK+360 
:REM ** SHIGHRA ANOMALY** 

1620 Z=0:GOSUB 1440 

1630 Pl=MPLANET + SE/2 :REM ** PLANET’S LONG. AFTER 1st OPERATION ** 
1640 PRINT “LONG.after I st COR.( SE/2)”; 

1650 L = Pl:GOSUB 1380 
1660 PMA1=PMA-P1 

: REM ** PLANET’S MANDA ANOMALY AFTER 1st OPERN. ** 

1670 IF PMA1 <0 THEN PMA1 =PMA1 +360 
1680 GOSUB 1900 

1690 PRINT “LONG.after 2nd COR.(ME/2): 

1700 P2 =-Pl + PEO/2: REM ** PLANET’S LONG. AFTER 2nd OPERATION ** 
1710 L = P2:GOSUB 1380 

1720 PMA2 = PMA-P2: IF PMA2<0 THEN PMA2 = PMA2 + 360 
1730 PRINT “ COR.’’;:Z = Z + l 

1740 PMA1 = PMA2:GOSUB 1900:REM ** PLANET’S EQN.OF CENTRE ** 

1750 PRINT “LONG.after 3rd COR.(ME): 

1760 P3 = MPLANET + PEQ:IF P3>360 THEN P3 = P3-360 
1770 IF P3<0 THEN P3 = P3+360 
1780 L = P3:GOSUB 1380 

1790 PMK = SHIGHROCCA - P3:IF PMK<0 THEN PMK=PMK+360 
1800 PRINT "COR.”; 

1810 GOSUB 1440 

1820 PRINT “LONG.after 4th COR.(SE): 

1830 PTL = P3 + SE 
1840 L = PTL:GOSUB 1380 
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1850 PRINT “-” 

1860 PRINT P$; ‘“S TRUE LONGITUDE: 

1870 L = PTL:GOSUB 1380 

1880 PRINT “-” 

1890 RETURN 

1900 REM **** EQUATION OF CENTRE **** 

1910 IF Z = 0 THEN PRINT “MANDOCCA: ”;:L = PMA:GOSUB 1380 
1920 PRINT “MANDA ANOMALY: 

1930 L=PMAl:GOSUB 1380 
1940 PRINT “MANDA EQUATION: 

1950 PMA1 = PMA1 *PI/180:REM “RADIANS** 

1960 SN=SIN(PMA1) 

1970 PEQ= (K1-K2*ABS(SN))*SN:REM ** PLANET’S EQN.OF CENTRE 
1980 IF PMA1 <PI THEN PRINT TAB (39) " + 

1990 IF PMA1 >PI THEN PRINT TAB(39) 

2000 L = PEQ:GOSUB 1380 
2010 RETURN 
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Glossary of Tech nical 
Terms in Indian 
Astronomy 


I. English to Sanskrit 


Altitude 

Anomaly 

Apogee or aphelion 
Apse line 

Ascending node of 
the Moon 
Celestial equator 
Celestial latitude 
Celestial meridian 
Co-azimuth 
Co-latitude 
Declination 
Ecliptic 
Epicycle 

Equation of centre 
Equation of 
conjunction 
Equatorial horizon 
Equinoctial shadow 
Equinox 
Gnomon 
Hemisphere 
Hypotenuse 
Meridian zenith 
distance 
Orbit 


Unnata, Unnati 

Manda Kendra or Slghra Kendra 

Mandocca 

NTcoccarekha 

Rahu 

Visuvadvrtta, Visuvadvalaya, Nadivrtta 

Ksepa, Viksepa, Sara 

Yamyottara mandala 

Digamsa 

Lamba 

Apakrama, Kranti, Apama 
Apama mandala, Krantivrtta 
NIcoccavrtta, Anuvrtta 
Mandaphala 

Slghraphala 
Niraksa ksitija 
Aksabha, palabha 
Krantipata 
Sariku 
Kapala 
Karna, Srava 

Avanati 

Kaksa 
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Parallax in latitude 
Parallax in longitude 
Perigee 

Polar longitude 
Pole of the celestial 
equator 

Precession of the 
equinoxes 
Solstice 
Zenith distance 
Zodiac 


Nati, Avanati 
Lambana 
Mandanlca 
Dhruvaka 

Dhruva 

Ayanamsa, Ayanacalana, Krantipatagati 

Ayananta 

Natamsa 

Bhacakra 


n. Sanskrit to English 


Abda 

Abhijit 

Acala 

Adhikamasa 

Adyantakala 

Agastya 

Agni 

Agra 

Agrajya ( agrajiva ) 
Ahargana 

Ahoratra viskambha 
Ahoratra vrtta 
Aja 

Aksa (aksamsa) 
Aksabha ( palabha ) 
Aksakoti 
Aksavaiana 
( valanamsa ) 

Amavasya 
Amia ( amsaka) 


Year 

Alpha Lyrae 
Successive aproximation 

Additional lunar (intercalary) month in a lunar year 
Duration of an eclipse 
Star Canopus 
Star Beta Taurii 

Amplitute, i.e., the arc along the cel. horizon lying between 
the east point and the rising point of a heavenly body 
Rsine of amplitude 

Number of civil days elapsed on a given day since a chosen 

epoch; dinagana, dyugana 

Diameter of the diurnal circle 

Diurnal circle 

Mesa (Aries sign) 

Terrestrial latitude 
Equinoctial shadow 

Co-latitude; Rsine of co-latitude or Rcosine of latitude 

Angle subtended at a heavenly body on the ecliptic by the 

arc joining the north pole of the cel. equator and the north 

point of the cel. horizon 

Last day of a lunar month, new moon 

Degree, fraction 
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Ahgula 

Antyaphala 

Anuloma 

Anuradha 

Apakrama 

Apakrama mandala 

Apama 

Apara 

Ardhakarna 

Ardharatra 

Ardharatrika 

Asanna 

Asitapaksa 

Asphuta 

Asu 

Avanati 

Ayanacalana 

Ayanamsa 

Ayananta 


Approximately one inch; l / l2 of the length of the standard 
gnomon ( sanku ) 

Maximum equation of centre (mandaphala) or of conjunc¬ 
tion (sighraphala) 

Direct motion of a planet (opp. of Vakra) 

Delta Scorpionis 
Declination 
Ecliptic 
Declination 
West ( pascima ) 

Semi-diameter (i.e., radius) 

Midnight 

Calculations from the midnight 

Approximate; asphuta 

Dark half of the lunar month ( Krsnapaksa ) 

Approximate; asanna, anityam 
1 / 6 ,h of a VighatHi.e., 4 seconds) 

Parallax in cel. latitude ( nati ) 

Precession of the equinoxes 

Amount of precession of equinoxes (in degrees) 

Solstice 


Bahu 


Bhacakra 

Bhagana 

Bhaga 

Bhagana kala 

Bhagola 

Bhoga 

Bhogya khanda 

Bhogya mandaphala 

Bhucchaya 

Bhugola 

Bhuja 

Bhujajya 


Base of a right-angled triangle for an angle 0, its bhuja is 0, 
180°-#, 0-180°, 36O°-0 according as 0 is in I, II, III, IV 
quadrant; bhuja 

Zodiac (consisting of 27 naksatras or 12 rasis) 

Revolutions of a celestial body in a long period of time (like 

mahayuga ); paryaya 

One degree of arc; amsa 

Sidereal period of a heavenly body 

Celestial (starry) sphere 

Portion 

Tabular difference of Rsine, etc. yet to be covered 
Portion of equation of centre yet to be covered 
Earth’s shadow 
Terrestrial globe 
See bahu 

Rsine of bhuja ; dorjya 
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Bhujantara 

Bbukarna 
Bhukta 
Bhuktagati 
(- phalamsa ) 
Bhukti 
Blja 

Bimba 

Bimbardha 

Cakra 

Cakralipta 

Cakramsa 

Cala 

Candra 

Candrakarna 

Candramasa 

Candranatajya 

Candra (vyasa) bimba 

Cara 

Cara samskara 

Caturyuga 

Chadaka 

Chadya 

Chandrakala 

Chaya 

Cbayakarna 

Cheda 

Daksina 

Daksinayana 

Darsa 


Correction for the equation of time due to the eccentricity of 
the orbit 

Diameter of the Earth; bhuvyasa 
Covered (or traversed) already 

Increase in the last slghrakendra covered in order to find the 
true sighraphala 

Daily motion of a heavenly body; dinagati 

Correction (to the parameters for cel. longitude, cel. latitude, 

etc.) 

Disc or diameter of a body (particularly of the Moon, the 
Sun or the Earth’s shadow-cone in an eclipse) 
Semi-diameter (i.e., radius) of the disc of a heavenly body 

Circle 

Minutes of arc in a circle; 360 X 60 = 21,600' 

Degrees in a circle, 360° 

Variable 

Moon 

Distance of the Moon from the Earth’s centre 
Lunar month; candramasa 
Rsine of the zenith distance of the Moon 
Angular diameter of the Moon 

Arc on the cel. equator between 6’o clock circle and the hour 
circle of a heavenly body at rising 

Correction to the mean position of a heavenly body due to 
the difference between instants of midnight at Lanka and 
the given place 

A great age of 43,20,000 years; mahayuga 

Eclipser; Grahaka 

Eclipsed body; Grahya 

1 / 1 6 lh of the Moon’s disc 

Shadow 

Hypotenuse of the right-angled triangle whose other two 
sides are the gnomon ( sanku ) and its shadow 
Division; denominator 

South, Yamya 

Southern course of the Sun 

Conjunction of the Sun and the Moon 




Glossary of Technical Terms in Indian Astronomy 195 

Desa 

Place 

Desantara 

Difference in longitudes of a given place and the prime 
meridian (usually UjjayinI) 

Dhana 

Positive; excess 

Dhanurbhaga 

Arc of 225' (3 3 / 4 °) 

Dhruva 

Pole star; fixed 

Dhruvaka 

Polar longitude along the ecliptic at the foot of the circle from 
the pole 

Digamsa 

Co-azimuth 

Dina 

Day 

Dinagana 

Civil days; Ahargana 

Dinardha 

Half-day 

Disa 

Direction 

Dorjya 

Rsine of the base of a right angled triangle; bhujajya 

Drgguna 

Rsine of the zenith distance 

Drglambana 

Parallax in zenith distance 

Dvaparayuga 

Third of the four yugas of a mahayuga\ duration: 8,64,000 
years 

Ekayanagata 

Bodies having the same declination 

Gati 

Motion; usually daily motion 

Ghana 

Cube 

Ghata 

Multiplication, product 

Ghatika 

A unit of time; 1 / go"' part of a day (24 minutes); nadi, nadika; 
ghati 

Gola 

Globe, sphere 

Graha 

Planet; a moving heavenly body 

Grahaka 

Eclipsing body, eclipser; chadaka 

Grahana 

Eclipse; uparaga, upalapti 

Grahana madhya 

Middle of eclipse 

Graha (yogalyuti 

Conjunction of planets 

Grahya 

Eclipsed body; chadya 

Grasa 

Measure of obscuration (eclipse) 

Grasamana 

Magnitude of eclipse 

Guna 

Multiple 

Harija 

Parallax in longitude; lambana 

Hora 

One hour; of a day 
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Inducca 

Moon’s apogee; mandocca of the Moon 

Ista 

Desired or given 

Isu 

Rversine i.e., R - Rcosine of an angle where R is the radius 
of the deferant circle (R = 3438' according totheArya- 
bhatlyam) 

Kadamba 

Pole of the ecliptic 

Kadambaprota 

Secondary to the ecliptic 

Kaksa 

Orbit (or path) of a heavenly body 

Kala 

A unit of measurement of angles; ’/go 11 ’ of one degree, i.e., 

1 minute of arc; lipta, liptika 

Kala 

Time 

Kaliyuga 

Last of the yugas of a mahayuga ; duration: 4,32,000 years 

Kapala 

Hemisphere 

Karana 

Half of a lunar day (tithi) 

Karna 

Diameter; hypotenuse of a right-angled triangle; srava 

Kendra 

Anomaly of a heavenly body, angular distance from its 
mandocca (apogee) or slghrocca (apex point of conjunction) 

Ketu 

Descending node of the Moon; 180° - Rahu 

Khagola 

Celestial sphere 

Khamadhya 

Zenith 

Kona 

Angle 

Koti 

Perpendicular 

Kotijya 

Rcosine of an angle 

Kranti 

Declination; apakrama 

Krantipata 

Equinoxes, points of intersection of the ecliptic and the cel. 
equator; visuva, visuvat 

Krsnapaksa 

Dark half of a lunar month 

Krtayuga 

First of the four yugas consituting a mahayuga ; duration: 
17,28,000 years 

Ksana 

A unit of time; 2 ghatis (according to Suryasiddhanta) 

Ksepa 

An additive quantity; cel. latitude; Viksepa, sara 

Ksitija 

Horizon 

Lagna 

Ascendant; orient ecliptic point; point of intersection of the 
ecliptic with the eastern horizon 

Lamba 

Co-latitude of a place 

Lambamsa 

Co-latitude of a place in degrees 

Lambana 

Parallax in longitude 
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Lanka 

Lipta ( Liptika ) 

Madhyabha 
Madhya bhukti 
Madhyacchaya 
Madhya dina 
Madhya gati 
Madhya graha 
Madhya grahana 
Madhyahna 
Madhyahna cchaya 
Madhyahna paridhi 
Madhyajya 
Madhyakarna 
Madhya kranti 
Madhya lagna 
Madhya lambana 
Madhyama kranti 
Madhya ratra 
Madhya rckha 

Madhya sanku 
Madhya sthityardha 

Mahasanku 

Mahayuga 


Man da 
Mandala 
Mandakarman 
Mandakendra 

Mandanlcocca vrtta 


Place on the Earth’s equator through which the prime 
meridian (through UjjayinI) passes 
Minute of arc; kala 

Meridian ecliptic point 
Mean daily motion 
Midday shadow of the gnomon 
Mid-day 

Mean (daily) motion 
Mean longitude of a planet 
Middle of an eclipse 
Mid-day 
Mid-day shadow 

Circumference of the epicycle at mid-day 

Rsine of the zenith distance of the meridian ecliptic point 

Radius; vyasardha, karnardha 

Declination of the meridian ecliptic point 

Meridian ecliptic point 

Parallax in longitude at the middle of eclipse 

Declination obtained from mean longitude 

Midnight 

Central meridian of the earth passing through Lanka, 
UjjayinI, Kuruksetra and Mount Meru; Madhyasutra 
Gnomon formed with the Sun crossing the meridian 
Intervals between the middle of an eclipse and the moments 
of contact and separation (end) 

Rsine of altitude 

Caturyuga: A great age consisting of 432 X 10 4 years; 
consists of four parts lyugas ) viz., Krta, Treta, Dvapara and 
Kali of durations in the ratio 4:3:2; 1. According to the 
Aryabhatlyam, the four yugas are of equal durations: 
108 X 10 4 years 
Slow 

Circle; revolution; vrtta, cakra 

The process of finding the equation of centre 

Angular distance of a heavenly body from its mandocca; 

anomaly from apogee or aphelion 

Manda epicycle; mandanuvrtta 
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Mandaphala 

Mandanica 

Mandocca 

Manvantara 

Masa 

Melaka 

Meru 

Mesa caradala 

Mithuna caradala 
Moksa 

Moksa lambana 
Mrgavyadha 

Mu hurt a 

Mula 

Naksatra dina 
Nata 

Natakalajya ( Natajya) 
Natakala kotijya 
Nati 

Nadika (Nadi) 

Nemi 

Nicoccarekha 

NIcoccavrtta 

Nimesa 

Nimilana 
Niraksa 
Niraksa ksitija 
Mia 

Oja 

Pada 

Paksa 

Pala 


Equation of centre (due to the eccentricity of an orbit) 

Perigee; 180° from mandocca 

Apex of the slowest motion; apogee or aphelion 

Age of Manu: 3,08,448,000 solar years 

Month 

Conjunction of planets; yuti, yoga 
Earth’s pole 

Ascensional difference at the end of Mesa rasi (the first sign 
of the zodiac) 

Ascensional difference at the end of Mithuna rasi 

End (i.e., the last contact) of an eclipse 

Parallax in longitude at the end of an eclipse 

Alpha Canis Major; Sirius; Lubdhaka: brightest visible star 

in the sky 

A unit of time; 30 muhurtas = 1 day; 1 muhurta = 2 ghatikas 

= 48 minutes 

Square-root 

Sidereal day 

Hour angle; zenith distance 
Rsine of the hour angle 
Rcosine of the hour angle 
Parallax in cel. latitude; avanati 
1 /6o th of a day; 24 minutes; ghatika 
Circumference of a circle; paridhi 
Line of apse 
Epicycle; anuvrtta 

A unit of time; according to the Siddhantasiromani, 

1 day = 9,72,000 nimesas 

Total obscuration of eclipsed body 

Earth’s equator; zero latitude 

Equatorial horizon 

Night 

Odd; usually w.r.t. I s ' and 3 rd quadrants 

A quarter; quadrant 
Fortnight; half of a lunar month 
A unit of time; vinadr, 24 seconds 
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Pal abba 
Parama Kranti 
Parama lambana 
Paramarthika valana 


Paridhi 

Parilekha 

Parvamadhya 

Parvanadi 

Parvanta 

Paryaya 

Pascima 
Pat a 

Phala 

Pragrasa 

Prahna 

Praksepa 

Prana 

Pratiloma 

Pratipada 

Purnima 
Purni manta 
Purva 
Purvahna 


Equinoctial shadow; aksabha 

Maximum declination 

Horizontal parallax; maximum parallax 

Algebraic sum of aksavalana and ayana valana (numerical 

addition when both are north or both south and difference 

when they are of opposite directions) 

Circumference; nemi 

Projection 

Middle of an eclipse 

Instant of conjunction or opposition of the Sun and the 
Moon in nadis 

End of a parva (lunar fortnight) 

Revolutions of a heavenly body in a given period (like 

mahayuga)', bhagana 

West 

Node of the Moon (or a planet); point of intersection of the 
ecliptic with the orbit ( kaksa ) of the Moon (or a planet) 
Result (like mandaphala and sfghraphala ) 

Beginning of an eclipse; first contact of an eclipse 

Forenoon; purvahna 

Addition 

A unit of time, 4 seconds of sideral time; asu 
Retrograde; vakra 

The first tithi (lunar day) of either bright or dark half of a 
lunar month 

Full moon; opposition of the Sun and the Moon 

End of the full-moon day 

East 

Forenoon 


Rahu 

Rahumana 

Rasi 

Rasi kala 
Ravikarna 

Ravi paramalambana 

Rekha 

Rju [gati) 

Rtu 


Ascending node of the Moon; pata of the Moon; tamas 

Angular diameter of the Earth’s shadow 

Zodiacal constellation; each of 30° extent 

Number of minutes of arc in a zodiacal sign; 30X60 = 1800' 

Distance of the Sun from the Earth’s centre 

Horizontal parallax of the Sun 

Prime meridian 

Direct (motion), as opposed to retrograde 
Season; a year consists of six rtus 
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$aka 

Sama 

Samamandala 

Samasavrtta 

Sahkranti 

Sahku 

Sara 

Sauradina 

Sauramasa 

Sauravarsa 

Savanadina 

Slghra 

Sighrakarman 

Slghrakendra 

Slghra nicocca vrtta 

frghraphala 

Sighrocca 


Sparsakaia 

Sparsa lambana 

Spastagati 

Spastagraha 

Sphutagati 

Sphutagraha 

Sphutaviksepa 

Srava 

Sravistha 

Suklapaksa 

Tamas 

Tantra 


Era of King Salivahana commencing in the year 78 ad, 

Salivahana saka 

Even 

Prime vertical 

Circle of radius equal to the sum of the radii of the eclipsing 

and the eclipsed bodies 

Solar ingress into a sign of the zodiac 

Gnomon; kilaka 

Celestial latitude; viksepa 

Solar day 

Solar month 

Solar year 

Civil day; kudina, bhudivasa 
Fast motion (as opposed to manda) 

Finding out the equation of‘conjunction’ (slghraphala) 
Angular distance of a mean planet from its sighrocca (apex 
of ‘conjunction’) 

Epicycle of sighra 
Equation of conjunction 

Apex of fast ( sighra ) motion. In the case of superior planets 

the mean Sun is the sighrocca while for Mercury and Venus 

two special points are defined as their sighrocca. However, 

NTlakantha Somayaji maintains that the Sun must be the 

sighrocca for all the planets 

Time of first contact of an eclipse 

Parallax at the beginning of an eclipse 

True motion of a planet; sphutagati 

True planet; sphutagraha 

True motion of a planet; spastagati 

True planet; spastagraha 

Celestial latitude corrected by parallax 

Hypotenuse; karna 

Beta Delphini; Dhanistha 

Bright half of a lunar month 

Ascending node of the Moon; Rahu 

Indian astronomical texts which adopt the beginning of 
Kaliyuga as the epoch 
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Taragraha 

Taraka (Tara) 

Tisya 

Tithi 

Trairasika 

Tretayuga 

Tribhona lagna 

Ucca 
Vdaya 
Udayajya 

Udayantara samskara 

Udayaprana 

Udvrtta 

Unmilana 

Unnatakala 

Unnatamsa 

Unnati 

Upapluti 

Ordhva yamyottara 
vrtta 
Uttara 
Uttaragola 
Uttarayana 

Vaidhrta 

Vakragati 

Vara 

Varsa 

Vikala 


Star-planet, referring to Mars, Mercury, Jupiter, Venus, 
Saturn 

Star; asterism 

Delta Cancri; Pusya 

Lunar day; 1 / 30 ‘ h of a lunar month 

Rule of three 

Second of the four parts of a mahayuga ; duration: 12,96,000 
years 

Nonagesimal point; point of the ecliptic at the shortest 
distance from the zenith; 90° less than Lagna 

Apogee; mandocca 
Rising 

Orient sine; Rsine of the amplitude of lagna from the east 
The correction to the cel. longitude on account of the 
equation of time due to obliquity of the ecliptic; comple¬ 
mentary to the bhujantara 

Duration of the rising of the signs ( rasis) in prana (or asu) 
unit of time; udayasu 

Equinoctial circle; east and west hour circle; 6’o clock circle 
End of totality of eclipse 

Distance from the horizon in time unit; time elapsed after 
rising of a celestial body 
Complement of zenith distance 
Altitude 

Eclipse; grahana, uparaga 
Celestial meridian 

North 

Northern hemiphere; Uttara Kapala 
Northern course of the Sun along the ecliptic 

The “aspect” between the Sun and the Moon when the sum 

of their longitudes is 360° and their declinations ( kranti ) are 

equal in magnitude but opposite in directions 

Retrogression 

Week day; vasara 

Year; abda 

Remainder; sesa 
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Vikala 

Vikalagati 

Vikrama samvat 

Viksepa 

Vilipta 

Vilomagati 

Vimarda 

VinadI 

Vipala 

Vis ama 

Viskambha 

Visuva ( Visuvat ) 

Vitasti 

Vitribha lagna 
Vrsacaradala 

Vrtta 

Vyaksa 

Vyasa 

Vyasardha 

Vyatipata 


Yamya 
Yamyagola 
Yoga tara 
Yoga ( Yuti) 
Yojana 

Yuga 

Yugma 


One second of arc; 1 / 36 oo' h of a degree; vilipta 
Stationary motion 

Era named after King Vikrama starting from 57—56 BC 

Polar latitude; cel. latitude; ksepa, sara 

One second of arc; vikala 

Retrograde motion; Vakragati 

Totality of an eclipse 

l / 60 ' h of a nadi ; 24 seconds; pal a, vighati 

1 /(, 0 ,h of a pal a 

Odd 

Diameter of a circle; vyasa 
Equinox; Krantipata 

A length of 12 ahgulas ; approximately one foot 
Lagna - 90°; tribhona lagna ; nonagesimal 
Ascensional difference at the end of Vrsabha (second sign 
of zodiac) 

Circle; mandala, cakra 
Terrestrial equator; zero latitude; niraksa 
Diameter of a circle; viskambha 
Radius of a circle 

The “aspect” of the Sun and the Moon when the sum of 
their longitudes is 180° and their declinations [kranti] are 
same both in magnitude and direction 

South; daksina 
Southern hemisphere 
Principal star in an asterism 
Conjunction; melaka 

A unit of distance; usually about 5 miles, but taken diffe¬ 
rently by different authors 
An age (of long duration) 

Even; couple 
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Abhijit, 3 

Achyuta Pisarati, 15 

adhikamasa, 5, 7, 45, 47, 63, 71, 73 

agrahayana, 3 

ahargana, 11, 12, 71 

altitude, 23, 28, 129 

Amaraja, 14 

amavasya, 45, 58 

Ahgula, 1 

annular solar eclipse, 156 

apse line, 87 

apogee, 12, 144 

ardha-ratrika, 8 

Aryabhata, 6 

Aryabhata I, 16, 75 

Aryabhata II, 12 

Aryabhatabhasya, 11 

Aryabhatiyam, 7, 10, 11, 16, 52, 90 

ascendant, 133, 139 

ascensional difference, 5 

Aslesa, 2 

Atri family, 3 

audayika, 8 

autumnal equinox, 24 

ayanamsa, 26, 30 

azimuth, 28, 129 

bh a chakra, 32 

Bhaskara I, 10, 14 

Bhaskara II, 12, 39, 55, 77, 90, 100 

Bhatatulya, 30 

Bhattotpala, 14 


bhujantara, 97, 100, 125 
Bhutasahkhya, 8 
bljasamskara, 11,13 
Brahmagupta, 8, 9, 99 

Brahmasphutasiddhanta, 11 
Brhatsamhita, 11 

calendar, 56 

Calendar Reform Committee, 31 

candramana, 48 

Candramana Yugadi, 58, 61 

Candrasekhara, 12 

Candrasekhara Samanta, 15, 101 

caturmasya, 3 

celestial equator, 17, 22 

celestial horizon, 18 

celestial latitude, 26 

celestial longitude, 26 

celestial meridian, 19 

celestial north pole, 17 

celestial poles, 22 

celestial south pole, 17 

celestial sphere, 16 

century years, 57 

chandas, 2 

Citrabhanu, 15 

civil day, 39 

co-latitude, 128 

crescent moon, 63 

daksinayana, 27, 129 
Damodara, 30 
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darsapurnamasa, 3 
Dasara, 61 

declination, 27, 28, 129 
desantara, 100 
desantara correction, 82 
Dhruva naksatra, 19 
dhruvakas, 78 
diurnal motion, 16 
Diwali, 61 
dohphala, 106 
drgganitam , 12 
drggati, 161, 163 
drkksepa, 161, 162 


heliocentric model, 14 
Hindu Calendar, 58 
hindu festivals, 61 
Holi, 62 
hora, 39 

horizontal system, 27 
hour angle, 29, 133 

indeterminate equation, 7 
Indian Calendar, 63 
intercalary months, 63 
irrational, 8 
Islamic Calendar, 62 


Earth’s shape, 9 
ecliptic, 24, 32 
ecliptic limits, 147 
ecliptic system, 25 
.ekadasa-ratra, 3 
epicyclic theory, 87 
equation of the centre, 13, 88 
equatorial system, 26 
equinox, 24, 129 

Ganesa Daivajna, 12, 30 
Ganitapada, 7 
Gavamayana , 3 
ghatikas, 39 
Gitikapada , 7 
gnomon, 126 
Golapada, 7 
Grahalaghava, 12, 30 
grahanadhikara, 13 
grasa , 148 

Gregorian Calendar, 57 

Hasta, 1 
Hejira, 63 
Hejira era, 52, 54 


Julian Calendar, 57 
jya , 7, 9 

Jyestadeva, 12, 15 
Jyotirganitam, 12 

jyotisa, 2 

kaksavrtta, 87 
kaksyavrtta, 105 
Kalakriyapada, 1 
kali ahargana, 51,79 
Kaliyuga, 11,73 
Kalpa, 2, 7, 51,74 
karana, 10, 11,64, 69 
Karanakutuhala, 11 
Katapayadi, 8 
Ketu, 80, 141 
khagola, 21 

Khandakhadyaka, 8, 11, 14, 77, 90, 

99 

Kollam era, 52, 53 
kotijya, 9 
kotiphala , 106 
krsna paksa, 42, 43, 63, 65 
ksayamasa, 45, 47, 48 
ksayatithis, 1 
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Ksitija, 18 
kuttaka, 7, 14 

lagadha, 2 

Laghubhaskanyam, 10, 11 
Laghumanasam, 11, 30, 100 
lagna, 13, 133, 139, 160 
Lalla, 51 

lambana, 161, 162 
Lambert, 8 
Lanka, 8, 82 
latitude, 23, 127, 129 
leap-year, 56, 57 
Lindemann, 9 
lunar eclipse, 141 
lunar month, 42 

madhya, 88 
madhyajya, 160, 162 
madhyamadhikara, 12 
Magha Bihu, 62 
Mahabharata, 53 
Mahabhaskarlyam, 11 
Mahasiddhanta, 12 
Mahayuga , 7, 11, 12, 72, 74 
Makara Sankranti, 62 
manda, 102 
manda correction, 13 
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